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Report of the Secretary of the Smithsonian Institution 

ALEXANDER WETMORE 

For the Year Ended June 30,19S2 

To the Board of BtgenU of the Smthsonim Ir^iitutioni 
GENTtE>n;s: I liave the honor to submit herewidi my report show* 
ing the activities and condition of the Smithsonian Institutioii and ita 
branches during the fiscal year ended June 30,1052- 

general statement 

The period covered in the present annual 
steady and progressive activity along tho established hues 
become Uia functions of the Smithsonian 

since its foundation in 1846 Lave multiplied. Xi. 

responsibilities have been assumed beyond th^ eiitaiW by ^ 
steady increase in tlie national coEections of history, science, and 
art, in visitor to the public exhibitions, and m reque^s for itifor- 

nJalion and otlier assistance, there has been tte^ 

effort given to improvement in methods of ojjorabon and to better 

coordination of our affairs, ,,ce 

concerned with the direction of the Smithsonian 
1025, first as A^istant Secretary, and since 1W5 ns J ^ , 

it of interest to examine the current ^atns of 

its position at tlie pi^sent time, when 1 have requested rele^ from 
theTr^onsLlitiesin order tobc free forlhe scientific investigations 
tlmt have been a major activity throughout my life, ^ 

It should bo stated clearly that whatever 
betterment in tiie Institution during this 

due to tho combined interest and devotion of all the ^ ^ 

sonnel and not to tho work of any one ^^'Y^mic 

the Smitlisoniati throughout its modem history has 
part of the organization, in contrast to the material 2 

building, and collections that form its possessions. Tlie sti^, wmie 
constanUy changing in individual members, m its entirety tias^n 

this staff form a steadily flowing stream of eff<^rt 

direction have changed from decade to d^ade, but wh^ 

whole does not slacken. It is tlvia working group that is the be 
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of the Smithsonmii Instltutiou at any given moment in its operations* 
In my quartev-cciitui^ and more with tlie SmithstmiRn it has been 
repeatedly impressed upon me that it has been the loyalty and spirit 
and abilities of these workers that hnve helped most to achieve the In¬ 
stitution's prime purpose—“the increase and diffusion of knowledge 
mnoDg men*” 

The original endowment fund received under the will of Janies 
Smithson* witli sevens I Inter ndditloosj is held in the United States 
Treasury as a permanent trust and stands ns official recognition of the 
position held by the Smithsonian 5n relation to our Nation. The 
Institution has deep and increasing pride in its position as guardian 
of historical and scientiffc treasures that belong to all who now are 
citizens of our country and tlmt, equally, belong to the generations 
of the future. It is our great responsibility to maintain these hold¬ 
ings safelyj to investigate and mal^c known their values for the public 
good, and to add to them in those ways that will enhance their worth 
for die incitosa of bnowlpdgo* Tliia responsibility is particularly 
acute in timea of national oniergeney, as during World War II or at 
the present tune when many peacetime activities must give place in 
the Federal budget to matters of national defense, Smithsonian 
administrators would not be faithful to their trust if even during 
such periods they relaxed in their efforU to assure iiile<|uatc support 
through public funds for eafeguarding and presming for future 
gen Cl'S tions the treasures entrusted to them by the American people* 

Growth in the responsibilities of the Smitlisonian since 192S may be 
better understoo<l when it is known that the collections in its charge 
have more than doubled during that time, while their value hao 
Increased in even greater degree because they incliule so many 
thousands of unique objecis. It is not practicable to place a definite 
monetary value on all theJ=c things, since for most there is no true 
market in the sense of ordinary barter and sale. For many, partic¬ 
ularly in the historical field, no real price in dollars may be set, as 
their actual worth^—for example, the relics of Washington, Jeffer¬ 
son, and other national heroes—lies in the patriotic sentiment m which 
they are held. It is sufficient to say that the more than 35,000,000 
catalog entries now found in these collectiotis may be valued at upward 
of a billion dollars, but with the further explanation that no sum of 
money, regardle^ of how great it might be* could ever x^eplace these 
materials should damage come to tliem. 

Ifaiiy shifts and changes in our administrative alignment have been 
made for improvenicnt in procedures, for more efficient assignment of 
staffs and for bettor utilization of the space available to ns for housing. 
The result has bean an increased efficiency without which we would not 
be able to meet the demands now laid upon us^ The scope of aU 
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Smithsoiuiin bufeaus and their oonstitiiieiit units is no’w described in 
n detailed account of the work of the Institution, prepared in January 
1051, whicb includes a survey of tha duties and responsibilities that 
pertain to each. 

Present needs of tlve Smitiisonian remain those that have been oi 
perennial pressure, namely, additional personnel, increased space for 
housing, and further support for operation. Ail require funds if they 
are to be adequately met. Through increased pay, necessary and 
greatly deserved under present-day living costs, and througli changes 
in work hours, the annual payroll of the Institution has more than 
doubled in the past SO years. At the same time tie available man 
hours of servioB per week now actually arc less. In we lia 
£0,592 man hours available. For the same service now in 1053 (with 
greatly incr^sedTrorkload) ’flreinay cojmnaitd only 20^00 man hours. 
Ttiis situation is one that needs remedy without delay, or the Institu¬ 
tion will lag decidedly in its required duties and in its services to our 
people. 

As for apace, through careful planning wo are now utilisdng fully 
all that ia available to us. Additional buildings for tlio United Statra 
National Jluseumand the National Air Slusenm, for the collectiona in 
art, and for our research operations in natnml history and other fields 
a re essential whenever funds may be pro^nded. For el number of yearn 
it has become increasingly important tliat a research center of consid- 
ereble sim be built in tlio area outside of but rw^onably near Metro¬ 
politan Washington, to which the study collections of tho National 
Museum might bo removed and where lalwratory space would be avail¬ 
able for our scientists. Tlic present buildings Ln the Mall area would 
then be accessible to Uie public to be used wholly for eahibition. 'pie 
research area should be arranged to provide storage for the moat im¬ 
portant objects in the exhibition scries, should threat of war demand 
their removal to safety. It will be a great day in the history of the 
Smithsonian and in the history of American science when plans for 
these buildings materialiio. They have been the dream of many who 
believe that the Smitiisonian Institution is one of the great American 
traditions that not only must he> preserved but must bo accorded the 
physical facilities to meet its obligations of leadership in this modem 

age of scionoe. , 

Through the income of its endowments the Smithsonian has a per¬ 
manence in parts of its operation that it may maintain in no other 
way. Its activiti€B under most of its endowment funds are now far 
too modest, since only in a few instances of special funds does it haw 
the income that it requires, VVe sliouid look forward also to 
stantial growtli hero, to provide larger funds for rcseaioh and publi¬ 
cation and for the general maintenance of central admmistration. 
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What lies abefid m the <!etitury for the Smithsonian Institution 
no one can safely predict. It was my pri'^ilege in 1946 to help cele¬ 
brate the one-hundredth anniveisary of the Institutioii's faunding, 
and at that time I wrote: “The Smithsonian had a definite beginning 
hut has no foreseeable end, Ita stated purp<^ knows no time or 
fipace limits^ and it will go on through tlie centurieS| changing with 
a dianging world and so adjusting itself that it may fill a u&eful role 
in the upward struggle of mankind.” It has been one of the greatest 
satisfactions of my life to haire served an organisiation with such a 
prospect and with such potentialities^ 

THE ESTABLISHMENT 

The Smitlisonian Instiliition whs created by act of Congiess in 1846, 
in aecordaiice with the terms of the will of James Smithson, of Eng¬ 
land, who in 1826 bequeathed liis property to the United States of 
America “to found at Washington, under the name of the Smitlisonian 
Institution^ an ^tabHshuicnt for the increase nncl dili'usion of knowl¬ 
edge among men.” In receiving the property and accepting the trust* 
Congress determined that the Federal Govcrnmenl Wias without au* 
tliority to administer the trmrt directly, and, tliei'cfore. constituted an 
“establishment” whose statutory meinbeta arc “the President, the Vice 
President, the Chief Justice, and tbe Iteads of the executive depart¬ 
ments.” 

THE BOABD OF REGENTS 

No changes in personnel occurj^cd on the Beard of Regents in the 
past year. The vacancy in the class of citizen regents still exista. The 
iioll of regents at the close of die fiscal year, Juno 30, 1952, was as fol¬ 
lows: Chief Justice of the United States, Fred JI. Vinson, Chancellori 
Vice President Alben IV. Barkley; members from the Senate: Walter 
F. George, Clinton P* Anderson, Ijoverett Saltonsrall; membei^ from 
the House of Representatives: Clarenee Caimon, John M. Vorya, E. E. 
Cox; citizen members: Harvey N* Ha vis, Arthur IL Compton, Van- 
ticvar Bush, Robert Fleming, and Jerome C. Ilunsaker. 

On the evening of January iT, preceding the annual meeting, an 
informal dinner meeting of the Bourd was held in the main hall of 
the Smithsonian Institution, with the Chancellor, Chief Justico Tin- 
6on, presiding. Ibis occasion gave opportunity for members of tile 
Smithsonian staff to make a fuller presentation of the scientific work 
of the Institution than w'os practicable at the regular njcoLiiig the 
next day. 

The Board held its regular Annual tneelitig in the Regents* Room 
on Januaiy IS, 1052. The Secretary presented his annual report cov¬ 
ering the activities of the Institution and its bureaus, including the 
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financial report of tha Executive Committee, for the year ended 
June SO, 1951, and this was accepted by the Board- 'Fho usual reso¬ 
lution authorized the cipeTiditure by the Secretary of the Income of 
the Institution for the fiscal year ending June SO, 19S3. 

At the Chancellor's suggestion, tli© meeting of Janmii^ 13 was re¬ 
cessed until April 9, at which time the report of the special committee 
to select a successor to the Secretary was given before tho full Boar^ 
Eobert T. Fleming, chairman of tlie s^jal committee, presented the 
resolution electing Dr. Leonard Cacmiclmel, pi^idcnt of Tufts Col¬ 
lege, Medford, Mass., as Secretary of the Smithsonian tnstitution, 
effective on January I, 1953. 

Dr. Wetmore, who retires from administrative duties at lug own 
request, will continue hia scientific work w'lth the Institution, under 
the title of research associate. 

FIN.VNCES 

A statement on finances, dealing particularly with Smithsonian 
private funds, will be found in the report of the executive committee 
of tlie Board of Regents, page 169. 

APPROPftl-^TiONS 

Funds appropriated to the Institution for the fiscal year ended June 
30,1959, total $9,553,200, obligated as follows: 

Mu napcsj^&nt- -— ---——— 

Uni cod States ^ifttlonal Mo^udi—---- 

Bareaii cif Ajuf^rkiin Ethnology-----^ 

Aetlrfiphyj?!oa I Obaorvatory^^-^----————-— 

NatlohAl ColleedOft of Fine A.n^—^ . . ..— 

NAtlOQS] Ate ACusPilHl-^———^-———-—— 

Canal Zone BlologJniJ AriUU-—— - --- 

iDtematlonal Exoliaiigo Sorrioe-- - -— 

3^1 aInteiuiii-co and operfttEon. of bnUdlo^--™-———-— 

Geneml »eirvlt-'ea^__— --—— --- — 

Estimated flavtngs-——^ 


In addition, $1,240,000 was appropriated to the National Gallery ^ 
Art, a bureau of the Ingtitution but administered by a separate board 
of trustees; and $630,800 was provided in tlie District of Columbia ap¬ 
propriation act for the operation of the National Zoological Park, 
Besides these direct appropriations, tho Institution received funds 
by transfer from other Federal agencies, as follows: 

From the Department of State, from tho appropriation Internii- 
tional Information and Educational Activities, 1952, a total of $49,000 
for the period July 1 tJiroiigh December 31,1951, for the planning and 
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prepariitioit of a series of edtieationaJ exhibits in (jOnnaD schools and 
museums, and from the Institute of Inter-American Affairs a total of 
$45,705 for the period Januiity 1 through June 30,1052, for the opera¬ 
tion of the Institute of Social Anthropology, including the issuance 
of publicationa restiltlng from its work. 

From the National Park Service, Department of the Interior, 
$157,&03 for archeological projects in connection with the River Basin 
Surreys- 

VISITORS 

Visitors to the Smithsonian group of buildings during tho year 
lUSX-nTjS readied an all-timo high total of 3,425^987, more tlmii half a 
million more than the previous year. April 1952 was the month of 
largest attendance, with 480,988^ ^fay 1052 was the next largest, with 
4fll,75D. Largest attendance for 1 day was 50,329 on JMay 81, 1952. 
A summary of attendance records for the five buildings is given in 
table 1, Tlieso figures do not include 3,294,5® estimated at the N^a- 
tional Zoological Park and 1,522,596 at tlie National Gallery of Art. 


Tabi* 1.—VWfon to the SfnilAwafan iurittff the vtar endti June SO, 
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During the last 4 monlbs of the fiscal year a special record was 
kept of groups of school children visiting the Smitlisonian. The count 
showed that 159,734 school children camo in 4,289 groups, or at an 
average of 37 to each group. By months the figures are: March, 420 
groups, 12,0«6 children; April, 1,022 groups, 38,286 children; May 
2^07 groups, 85,881 children; Junc, 640 groups, 23,551 children. For 

the 4-month period, therefore, 10.7 peteent of all visitora wsro in this 
catogory. 
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nineteenth annual JAMES ARTHUR LECTURE ON THE SUN 

In 1931 tlw Institution received e bequest from James Artbur, of 
Now York, a part of the inoome from which was to be used for an 
annua] lecture on some aspect of tlio study of the sum The nine¬ 
teenth Arthur lecture was delivered in the auditorium of the Natural 
History Building on April 3, 1053, by Bear Adm. h. O, Colbert, 
director of tho Washington oifioc of the Arctic Institute of North 
America, formerly Director of the U. S. Coast and Geodetic Survey. 
The subject of Admiral Colbert’s address was ‘The Sun, the Moon, 
and tho Tides.’' This lecture will be published in full in the Gen^l 
Appendix of tho Annual Report of tho Board of Regents of tho Smith¬ 
sonian Institution for 1952. 

hall or NAVAL HISTORY 

Special ceremonies were held on tho evening of Juno 19, 1952, in 
connection with the opening of the hall of naval lustory in the Arts 
and Industrieg Building. In this new exhibit, design^ and assem¬ 
bled under the direction of Mendel L, Peterson, National hluseum 
Curator of military and naval history, tlio story of American uava 
development, from the privateer of the War of Independence to the 
present-day battlesliip, is told by means of ship and other models, 
paintings, prints, and original objecte relating to celebrated nava 
craft and leadere. Through the years collections of such material 
have come to the Smithsonian. Now, for the first time, ihey are 
exhibited as an organiKed whole. Outstanding ship models in the 
collection, illustrating the ndvaiices from one war to another, are the 
Bon Honuno Bickat^, Con^ttiuHon, the Olymf^ of Ad¬ 

miral Dewey, the cruiser Wiehito^ and the battleship Sfisaoun. 

Speakers at tho opening ceremonies included Rear Adm. John B. 
Heffernau, United States Navy; Dr. Remington Kellogg, Director of 
the United States National Museum; and Dr. Alexander Wetmore, 
Secretary of the Smithaonian Instiution. 

POLICING OF SMITHSONIAN BUILUINCS 

On October 34, 1951, tho President approved a bill passed fay the 
Eighty-second Congress (Public Low 900) “relating to the policing 
of tho buildings and grounds of the Smittisoniaii Institution and its 
constituent bureaus.” Among other provisions, this act authorizes 
the Secretary of the Institution to designate Smithsoniiin employees 
ns special policemen with power to enforce regulations and make 
arrests in connection with the iJolicing of our buildings and grounds. 
This authorization places us in a firm poaitioii relative to the prot^- 
tion of tlie many tliousands of visitors who come to the Institution 
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annual ty and ^n'es to safegtiurd the tremendously valunbla materials 
in our collections that by latr are our responsibility. 

MARY VAUX WALCOTT FUND FOR PUBLICATIONS IN BOTANY 

Acting upon a proposal by the Secretary, the executive committee 
of the Board of Begents during the year authorized the establishment 
of the Mary Viiux Walcott Fund for Publications in Botany. This 
fund, amounting to $&0,0(K), is derived from tile sales of **XortIi Amer¬ 
ican Wild Floorers,” tlie o-volume quarto portfolio of 400 water-color 
plates of wild flowers painted from nature by ilrs, Cliarles D. Walcott 
The plates were reproduced in color by a special process and were pub¬ 
lished tinder her supervision and generous subsidy. A large number 
of sets of the plates have been sold by tlie Institution in the 27 years 
since their pnblicuHon, and it seems especially fitting that the income 
from the proceeds of tlieir sale should now be used for publication by 
the Smithsonian of contributions to the science of botany, in which 
Mrs. Walcott had a deep interest. It is planned that the publications 
issued under this fund will be principally technical in nature and will 
relate to tlie researches of the United States National Herbarium. 
They will appear from time to time in the Smithsoninn Miscellaneous 
Collections. 

summary of the YEAR’S ACnVTTIES OF THE BRANCHES OF THE 

INSTlTirriON 

NatmrtQl More than G07,tXK) speeimens, twice as manT as 

last year, were received and distributed among the Museum's siVdo- 
partmeuts, bringing tlie total catalog entries to 33,184,4(14. Some of 
the year’s more noteworthy accessions included: In anthropoIogY, an 
eighteenth-century wampum belt of the IVyandot Indians, a collection 
of Javanese puppets, and 78 Indian skeletons from burial sites on 
Buggs Island in the Koanoko River, Va.; in zoology, important ninm- 
mnls from Borneo, Aluaku, and tlie United States, birds from Colom¬ 
bia and Pan ami, reptiles and amphibians from Egypt and Borneo, 
and large collections of Gslies, insects, marine in vertebra lea, and raol- 
lusks from many imrts of the world; in botany, gifts of plants espe¬ 
cially from Honduras, Colombia, Pent, Ryukyu Islands, Florida, and 
Canada, and many otliers received in exchanges with other institu¬ 
tions; in geology, five minerals heretofore unrepresented in tho mJn- 
cralogical collections, a collection of 250,000 fresJi-water Mesozoic and 
Cenozoic mollusks, and vertebrate fossils from Washington, Montana, 

yomiiig, South Dakota, and North Dakota; in engineering end in¬ 
dustries, a fanning mill used in West li^irginia about 75 years ago, a 
corn planter of about 1860, an 1878 oil engine, a collection of early 
radio apparatus, and a series of stones and prints illustrating the mak- 
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ing of n litliograph; and in hietoiy, a ’sralnut cheat of drawers once 
owned by Jonatliim Edwards, an unusual gi^up of sliip models for 
the new hall of naval history, and the stiddles and equine equipment 
and the library of Gen. John J. Pershing. _ _ 

members of the ^laff conducted field work in Honduras, Dominican 
Kepublic, Panama, Colombia, British North Borneo, Brazil, Bynkyu 
Islands, Mexico, Alaska, and many sections of tlie United Stat^ 
The Museum issued 27 publications during the year. 

National GaJUt'tj of Visitors to tlio Gallery during the year 

numbered 1,522,696, a slight increase over the previorw year. The 
Gallery received 1,891 accestons, by gift, loan, or deposit, "llforks of 
art accepted included paintings by Winslow Horner, J. J. and J. W. 
Audubon, Tliomas Stephens, Tintoretto, Cowit, Healy, Turner, Trum¬ 
bull, Hogarth, Sargent, and Alvan Clark; 15 bronzes by Daumier; and 
several groups of prints and dniwings. Ten special exhibits were 
held at the Gallery during llie year. Tniveling exhibitions of prints 
from tlifl Rosenwiild Collection were circulated to 19 galleries and 
museums in this country, and one exhibit traveled in Germany. 
Exhibitions from the ‘‘Index of American Dffiign*' were shown 78 
times Lq 20 States and the District of Columbia .-ind also in Enrope. 
More than 36,000 persons attended the Gallery’s special tours and. the 
‘‘Picture of the’Week” talks; more than 14,000 the Sunday aftemMu 

1 ectures. Tl le Sunday even i ng concerts rvere cont.i nued. Construction 
of five new galleries, begun in 1960, was completed. 

National CeUcction of Fine Ar/j.-^Tlia Smitlisonian Art Cominifl- 
sion met on December 4,1051, and accepted for the National Collection 

2 oil paintings, 2 sculptures, 5 pieces of ceramics, several items of 
glassware, and 1 water-color mininture on ivory. Eight mmiatutts 
were acquired through tlie Catherine Walden Myer fund. Fifty-four 
oil paintings by Edwin Scott were added to the Alice Pike Barn^ 
Memorial Collection, and ?5,000 Wiis added to the Barney fund. 
The Gallery held 10 special exhibits during the year. Under the 
direction of Mrs. John A. Pope, a Smitlisonian traveling exhibition 
servico was inaugurated, financed partly through the Barne} un 
and partly from a giant made by tlie Department of State, . , , 

Fner Gallera y/ Jr/.— i’urchnses for the Freer collections mcluded 
Chinese bronzes, paintings, and iJoKery; an Egyptian bronze incense 
burner; Pereian metalwork; an Indian painting with Parian verse; 
and a seventh-century Japuneso bronze sculpture. Tlie staff memberi 
studied new accessioiui, cxaniincd objects contemplated for puroh^ 
and pursued tlieir lescurches in oriental and Islamic art. A technical 
research laboratory, with Rutherford J. Gettens in charp, was wm- 
pletcd and began a new phase of Gallery activity--thc luvestigation 
Jf material and techniques of the artists and craftsmen represented 
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in the Freer collections. Dr. Ettinghausen continued his work abroad, 
particularly in the If ear East. Tlie final number of Ar$ /shmicUj 
under Dr. Ettinghaueen s editorship, was publislied in August 1951, 
Visitors to tlie GalJeiy numbered approtiraately 75,000, 

Bureau of AiTUfricaa ^MnoZbijfyi—Ifembets of tlie Bureau staff 
continued their etlmologicn! and archeological researches, Director 
StirUng on llexican and Panamanian archeology, Dr. Collins on the 
Eskiino and on the archeology of Cornwallis Island, Dr. Harritigtott 
on the Maya language, Dr, Fenton on the Iroquois, ant] Dr. Drucker 
on M^-American archeology, Dr. Roberts continued as Director of 
the River Busin Surveys. Since the beginning of this project 7 years 
ago, 3,1{),> archeological sites have been located and recorded, and 
678 of the^ have been reeommejidcd for oscavation or limited testing. 
1 his year s c.xcaTation work covered 13 reservoir areas in 11 States, 
with 22 excavating parties in the field. 

The Institute of Social Anthropology, an autonomovise unit of the 
Bureau finanoefl through transfer of funds from the Department of 
State, carried on its field programs in Brazil, Colombia, Mexico, and 
Perfl. During the year activities of the Institute were integrated 
with those of the Institute of Inter-American Affairs, whereby ISA an¬ 
thropologists participated in IIAA public-health programs in Latin 
America. 


IiUermiiaml Esehmge ^aruiV^.—The Internationa] Exchange 
Service is the official United States agency for the interchange of 
goyemmcntal, scientific, and literary publications between tills coun¬ 
try and other nations of the world. During the past year the Ex¬ 
change Service handled 1,001,6U packages of such publications, 
weighing 825,627 pounds—0,38€ packages less than last year but 
36,854 ^untla more. Consignments are now made to all countries 
except China and Rumania. Tlio number of sets of United States 
official publications sent abroad in eidiange for similar publications 
of other countries is IW {62 full and 42 partial sets). Eighty-seven 
copies of the Federal Register and 04 of the Congressional Record are 
also sent abroud through tLo E.xcliaLig-e Service, 

Far^r.-Visitorg to the Zoo totaled approxi- 

were 2,6f5 animals in tlie Zoo collections, the removals during the 
year (1,721) somewhat exceeding the additions (1,575) Fourteen 
s^ies of uiiimals were received that had not previouriy been ex- 
^ Among these we™ a^AS- 

^e kangaroo, a Bornean porcu- 

bustards. The United StateTFish 
and Wildlife Service and the United State® Army Medical Unit in 
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Malaya contiDiKJd to send desirable apecimena. In all, 142 creatures 
were bom or hatcbed at tlie Zoo—72 niamsaala, 55 blrds^ and 15 
reptiles. 

Attropk^tical Ohservatory ,—The research work of the APO pro¬ 
gressed in both of its dirisions—astrophysical research and radiation 
and organisms. In addition to their regular programs, both diTisions 
are conducting cooperntive projects nrider contract with other Gov¬ 
ernment agencies. Solar-radiation studies continued at the Observa* 
tory'^s two field stations, one at Table Mouidntn,, Calif., and tbc other 
at Montezuma, Ciiile. Five silver-disk pyrheliotneters were con¬ 
structed and furnished at cost to institutions in Fra rice, Finland, Cen¬ 
tral Africa, Greece, and Khode Island. The division of radiation and 
organisms continued its investigations of the biochemical reactions 
involved in the absorption of light energy in green plants. 

jVarfofflo/ Air Mvseum ,—Owing to the necessity of vacating all the 
XAM’s storage facility at Park Fidge, HI., space Imd to be found 
elsewhere in order to preserve tlio storage collection. Tbrough tbe 
assistance of the Kational Capital Planning Commission, a plot was 
made available at Suitland, Md,, near Washington, D. C. Sevei'al 
]>refabricated buildings will be erected tliere to bouse llie nearly 
4,000 specimens in tbe storage collection until the permanent National 
Air Museum Building is provided. Accessions for tbe year brought 
additions to many phases of the aeronautical collection, including 
full-sized aircraft, engines, instnimenta, exporimental and scale- 
model aircraft, parachutes, and trophies. In all, 110 specimens from 
21 sources, oomprmng 30 separate accessions, were received during 
tbe year. These are listed in the full report of die Museum (Appen- 
liis 0, p, 13G). Meml>ers of die staff made special surveys for materials 
desirable for the collections. As space and facilities permitted, im¬ 
provements were made in the public exhibits in tbe Arts and Indus¬ 
tries and Aircraft Buildings. 

Canal Zone Bidoffiad Area .—The new laboratory building begun 
Inst year at the Barro Clolorado Island station was completed. Dur¬ 
ing the year, 602 visitors came to tbe islimd; 43 of diese were scientists 
who used tbe facilities of the island to carry on studies in various bio¬ 
logical fields. One such study, carried on over e period of years, by 
Dr. Eugene Eisenmann, resulted during the y^r in the publication 
“Annotated List of Birds of Barro Colorado Island, Panama Canal 
Zone,'’ issued by tlie Smithsonian Institution. This lists 306 species. 
Other than birds, seven species of vertebrato animals have been added 
to the known fauna of tlte area since tbe list was published in the 1650 
report—two mammals^ four reptiles, and one amphibian—making in 
all 486 vertebrate forms known from the island, 
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PUBLICATIONS 

Tlie publicstions of the Smithsonian Institution are in tivo cate¬ 
gorical hose issued from federally appropriated funds (particularly 
the publications of the National Museum and the Bureau of American 
Etlmology, and the Smithsonian Report) and those issued luider in¬ 
come from the Institution's various endoirment funds (Smithsonian 
Miscellaneous Collections, publications of the Fi'eer Gallery of Art, 
and special publications). Eight regular series are Issued, pins six 
others tliat appear less frequently. Publications are distributed free 
to more than a thousand libraries, both in this country and abroad, as 
well as to a large list of educational and scientific organizations and 
specialists in various fields. The SmUhsoniun publications program is 
a major part in tbe Institution’s endeavor to fulfill the diffusion-of- 
knowledgo function prescribed by its founder. In all, 144,16G copies 
of Smithsonian publications were distributed during the year. 

Seventy-six publications appeared under tlie Smitbsenian imprint 
during the year. Outstanding among these were: “Biological Investi¬ 
gations in Mexico,” by Edward A. Goldman; “Middle Cambrian 
Stratigraphy and Faiinns of the Canadian Rocky Jfountains,” by 
Franco Rasetti; “The Butterflies of Yirgiiiia,” by Austin H. and Tjoila 
F. Clark; “TheMyaidncea of the United States Xaflonal Museum,” by 
Walter hi .Tattersall; and “Symposium on I.mcnl Diversity In Iroquois 
Culture,” edited by William N, Fenton. A complete list of the year’s 
publications will be found In the report of the chief of the editorial 
division, Appendix 12. 

(SmiiV/iJtionjafi tahlaa .—Tliere were also Issued twro numbers In the 
Institution’s series of toblea^the sixth revised edition of the Smith¬ 
sonian Meteorological Tables, compiled by Robert J. List, of the United 
States Weather Bureau; aiid Smithsonian Logarithmic Tables, pre¬ 
pared by G. W. Spenceley, Rheba M. Spenceley, and E. R. Epperson, 
of Miami (Ohio) University, presenting 23-dccimal-plac« values of 
common and natural logarithms. In addition, the ninth revised edi¬ 
tion of the Smithsonian Physical Tables, compiled by W. E. Forsythe, 
of Cleveland, was pertly in gaUey proof at the end of tlie year. 

Ftf$t ffototii,—Also m press at the close of the flscal vear was 

a book on “The Dresses of the First Ladies of the White House,” by 
Margaret W. Brown, National Museum historian. The book (8 1 10 
inches in size) describes this popular collection of costumes tis they are 
displayed in the Arts and Industries Building. Each of the 35 gowns 
of the First Ladies, fiom Martha Washington to Eleanor Roosevelt, 
is reproduced in full color from color photographs. There are also 
brief biographies and portraits of the First Ladies. Because of the 
high cost of producing the volume, it will not be sent free to the 
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Institution’s regulur mailing lists but will be od sale in Smithsonian 
buildings in Washington and may also be purchased by mail. 

UBRARY 

A major organizstioiial change in the Smithsonian bbrary was 
effected during the year when the largest of its branches, the National 
Museum library, was physically merged witli the general Ubrai^ for¬ 
merly located in the Smithsonian Building, and all major library 
functions wera consolidated. The consolidated library and offices are 
housed in the Natural History Building. Tho library received 00,512 
publications during the year, mostly by gifts and through exchanges 
witli other institutions and organ issations. Noteworthy among thei 
gifts were more than a thousand volumes from the library of the late 
Gen. John J. Pershing and more than 1,500 publications on stamps 
from Fniiiklin R. Bruns, Jr., National Museum curator of philately. 
Nearly 23,000 publications were transferred to the Llbraiy of Con¬ 
gress, about 3,000 to the Army Medical Library, nnd 42S to other 
Government libraries. From the library’s huge collection of dupli¬ 
cates, 11,420 pieces were fiant to the United States Book Bichongo, 
At the close of tha year the library’s holding totaled 938,T40 volumes, 
including 0S4,S13 in the Smithsonian deposit at the Libraiy of Con¬ 
gress but exclusive of incomplete volumes of soriala and separates 
and reprints from serials. 


APPEiVDIX 1 


Report on tbe United States National Museum 

Sik: I have the honor to submit tho following report on tbe condi¬ 
tion and operations of the United States National Museum for the 
fiscal year ended June 30,1932: 

BUU-DINCS AND EQUIPMENT 

Construction was completed on Uio conversion of the southwest 
court in the Arts and Industries Building to a modem storage facility, 
providing 8,000 square feet of space on the ground, mezzanine, second, 
and third floors. Outside contracts amounting to $13,332 were let 
for the construction of w’oodeu frames for storuge cases and drawers. 
The frames of tbe storage coses will bo covered with sheets of thin 
steel by the Institution's own mechanics. 

COLLECTIONS 

During the year 807,354 specimens (approximately twico us many 
as last year) were added to tlie national collections and distributed 
among the six departments as follows: Anthropology, 4,852; zoology, 
25i,SdO; botany, 82,476; geology, 279,068; engineering and industries, 
1,638; and history, 7,130. Most of the accessions were acquiiijd as 
gifts from individuals or as transfers from Government departments 
and agencies. The complete report on Iho Museum, published os a 
separate document, includes a detailed list of tlie year's acquisitions, 
of which the more inipoitant are summarized below. Catalog entries 
in all departtnents now total 33,184^94. 

AnthropoIofft/i—A, w'eII-documented symbolic wampum belt, which 
had served as n token of peace and friendship after the eighteenth- 
century wars between the Seneca and Wyandot (Huron) Indians, 
was presented by Howard W. Elkuiton. An outstanding addition 
to the archeological collection is the gift by Robert C. Cook of a 
carved and painted wooden cup, which was referred to os a kero 
(wooden beer cup) by the Inca Indians. 

By a bequest from the late Mrs. Emily T. Taylor, the Musemn re¬ 
ceived a Philadelphia high chest or highboy of unusual design and 
workmanship of the period 1760-70. A recent noteworthy gift 
from Mr. and Sfrs. Robert C. Pierson, Jr., consists of a complete 
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miniature theater set of 130 appurtenances of the Javanese puppet 
show^ iwiyiiJt?! which they obtained from a puppet master in the 
Sunditnese vilJage of Tjiawij West Javui JIrs. Hoffman Philip^ 
a collection of religious objects, weapons, jewelry of ailver filigree, 
and accessories of dress, obtained in Abyssinia by her husband, the 
late Hoffman Philip, while in the diplomatic service. John Smithson 
and John Smitlison, Jr., presented a George II silver tankard, a George 
HI basting spoon, a traveler’s silver wine cup, and two English 

silver luster teapots. ^ ^ ^ ^ 

By transfer from River Basin Surveys, the division of physical 
anthropologv received 78 Indian skeletons selected from 106 bunals 
on Bugga Island in the Roanoke River, nenr Clarksville, Va. This 
burial area will be inundated when the dam for the reservoir is com¬ 
pleted. 

Zoology .—Received during the year were more than 251,000 zool¬ 
ogical specimens, obtained in Alaska, Algeria, Anglo-Egyptian Sudan, 
Arabia, Assam, Australia, Belgian Congo, Bolivia, Borneo, Canada, 
Colombia, Costa Rica, Cuba, Egypt, Fi>eiich IVest Africa, Gilbert 
Islands, Japan, ilanchuria, Martinique, Mexico, Mozambique, North¬ 
ern Rhodesia, Panamfi, Philippines, Southern Rhodesia, Turkey, 
United States, and Venezuela. 

The fishery investigations of the United States Fish and W ildlife 
Service vessel Oregon, in the Gulf of Mexico, under the leadership of 
Stewart Springer, resulted in the transfer to the Museum of im¬ 
portant and diverse collections of fishes, crustacenna, and other marine 
invertebrates from tlie deeper waters of the gulf. 

An important accession of 579 mammals, including many forms 
previously not represented in the collection, from Mount Kinabalu, 
nortliem Borneo, was received by transfer from the Army Kfedtcal 
Service Graduate School. With the old of funds furnished by tlie 
OHice of Naval Research, Dr, Henry W, Setacr of the Museum staff 
obtained U1 mammals along the Arctic slope of Alaska. Charles 0. 
Handley, Jr., presented nearly 600 manimula, chiefly from the eastern 
United States. Several shipments of mammals, totaling 133 speci¬ 
mens, w'ere received from Dr. W. L. JclUson, of the Rocky Mountain 
Laboratory, United Stales Public Health Service. A collection of 
183 mammals from Labrador was purchased from Dana P. Snyder 
under the income from the Spencer Fullerton Baird fund. The 
Biological Surveys coUection was increased by 685 specimens, includ¬ 
ing a sci-ies of Alaskan sea otters, of which a family group will used 
in the preparation of a habitat group for display in tiie Natural 

History Building. _ , , 

Ornithological field work in northern Colombia by M. A, Camker, 
Jr., financed for several years by the income from Uie W, L. Abbott 
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fund, came to u close during the pnst yeur* Tile Abbott fund also 
financed in part tHe continuance of the Panamanian ornithological 
surrey by Dr. A. Wet more and his assistant, W, M. Perrygo* The 
Colombian collection comprised 1,0T3 bird skins, 0 skeletons, and 8 
eggs; tbe Panamanian, 6T5 skins, 9 skeletons, 5 alcoholics, 9 eggs, 
end 1 nest. Worthy of mention tliis year are the 379 bird skins from 
Mozambi(|ue received from Donald W. Lamm, the gift of fiTO skins 
of birds from Colombia by Father Antonio OlivnTps, and the presjenta- 
tion by tlic Miis^ dii Congo Delgc, Temieren, of 2 specimens of the 
Congo peacock, Afropavo The E. J. Ero-a n bequf^t pro* 

vided funds for the purchase of 60 biid skins from the Algerian 
Sahara. From the Arctic Health Bosenreh Center the Museum re¬ 
ceived by transfer 302 skins of birds from northern Alaska which 
had been collected by Dr. Laurence Irving and his assistants. 

A large collection, coniprising 1,165 reptiles and amphibians col¬ 
lected by Dr. R. E. Euntz in Egypt and adjoining countries, wns 
received from the Kaval Medical Research Unit No. 3, and 75 reptiles 
and ampliibians from Mount Kinabalu, northern Borneo, were truns* 
ferred to the Museum from the Army Medicitl Service Graduate 
School. Types and paratypes of now forma of aalamainder, toad, and 
snake were received, respectively, from M. E. Mittlemnn, Ottj’S San¬ 
ders, and W. Auffenberg. 

The generous gift of 16,417 fishes from eastern United States by 
Dr, E. A Lnchner, associate curator, represents the largest single 
acce^ion received by the division of fiabes during the year. Dr. 
Tjaebner, with the assistance of Will in m T. Leapley, also obtained 
more thnn 15,000 ftahes, as well ascruaUtce.ans, insects, amphibians, and 
reptiles, in the southeastem StatoSL As exchanges there wena ob¬ 
tained from the Museum of Comparative Zoology, through William 
C. Sebroeder, Ifrl holotypes, cotypes, and paratypes of fisJies; from 
Dr. George Afoore, Oklahoma A. &. M. College, 5,115 named fresh¬ 
water fishes from the Arkansas and Red Rivera; from Dr. ,T. J, 
Hoedeman, Zoolo^scH Altiseum, Amsterdsiu, II paretypos of .'1 West 
Indian species; from Dr. N, B. Marshall, British Mitseum of Natural 
History, 5 paratypes; and from Dr?, J. E^hlke and John C. Briggs, of 
Stanford University, 7 paratypes of new stiecics of fiahes being de¬ 
scribed by them. Dr. Clark Hubbs, Univcrsily of Texas, sent a gift 
of 83 fislies, and Cecil Miles, Alinisteria de Agrlcultura, Dogotil, 
Colombia, donated the lioloty^>e of a new pumudasirl fish from the 
Colombian Caribbean. Through Stewsrt Springer, Harvey R. Bullis, 
Jr., Lmac Ginsburg, and Dayton ]*ee Alversoii, the United States Fish 
and Wildlife Service transferred 1,154 fishes this fiscal yeor. Dr. 
H. B. Goodrich, Wesleyan University, Afiddietown, Conn., returned 
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about 1,400 fish spetiniona in lieir original jars which wero to 
Wesleyan University in the early ISSO's by Dr. G. Brown Goode. 

The diviBion o^ insects received as ita most important aooefflion the 
collection of O, L. Cartwright of approjcimately 6,000 nusceUaneoiis 
insects, a Viiree portion of which was made on the groun^ of the 
Inter- American Institute of Agricultural Sciences, Costa Kica. * n- 
othor noteworthy accession comprised about 4,300 Neotropical ugs 
which wei^ donated by Dr. Luis F. 

experiment atntion, University of Puei-to Hico, and John S. 
well, of Centerville, Ohio. By transfer from the Department 
cul turn the divi sion acquired nea riy 2^000 insects from Alaska, co ec 

byDr.R. I. Sailer. , 

As -rifts, the division of marino invertebmtes received tnoro than 
lO.OTfi’snecimens of barnncles and other marine invertebrates, as well 
as publications, notes, and lantern slides from the coQMtions of the 
lata Dr. J. Paul Visschcr, presented by hire. J. Paul 
cluldren, Cleveland, Ohio? and from Dr. Stillman Wnght, Washing 
ton, D. C., moro than 533 lota of copepoda and otlicr fresh-water plank¬ 
ton from South America. Dr. E, A. Lachner collected for t le 
247 crayfishes and 2 shrimps from tlie souUiern United States. 
Through David C. Nutt, the Museum reedv^ 1 3&7 specimen of 
raiscellaueouB ninrine invortebnites collected by tbo illve Dolphin 
Expedition along the coast of Ijibrador. As eichfuigea, throug 
Dr. H. B. Goodrich there w ere added to the collecUons more than 2,141 
specimens of marine invertebrates from TVesley an Urn verify i and 
from the Kijksmuseum van Natuurliilte Histone, Leiden, Holl^d, 
through Dr. L. B. Holthuis. 10 paratyiies of crnyfisbM from New 
Guinea, and 4 poratypes and IS other speciinena of fresh-water 
shrimps from Surinam. By tmnsfer, more tliun l,4i0 misceUana^ 
invertebrates were acquired from the United States Navy ► c ic 
Research Labonitory, through .7. Biihlke. . ^ ■ .* 

The largest accession received this fiscal year in the divisiim of 
molliisks consisted of 22,000 specimens coUected bJ Dr. Joseph P. i;, 
Morrison in tlie area from Penn^lv.ania to Virginia, west toMi^oi^. 
Among the outstanding gifts received were 1,380 marina inollusks, 
largely from western Australia, presented by Ifr. at^ Mt^ Jam« A 
G ring; S64 marine mollusks from the Red Sea, a pft from 
kiotis; 55 specimens of rare Japanese marine mollusks from the Kyoto 
University through Dr. Tadaahige Habe. There we« received in 
exchanges from the Museiun of Comparative Zoology, Harvard Uni¬ 
versity, 1,543 mollusks; and from the Institut Fron^ais d Afrique 
Xoiro of Dakar, French Wert Africa, 1G9 

worthy also was a transfer of several rare sheDs from the Gulf of 
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Mexico by tlie Fish and AVildlife Service tJirough Stewart Springer 
and Harvey R. Bullis, Jr. 

Tlie most outstanding accession of edxinoderms comprised 20 speci- 
titens from the Gulf of Mexico received by transfer from the Fish and 
Wildlife Service through Stewart Springer. 

Botany.-Ptisan R, Swallen, head curator of the department, col* 
lected 1,764 grasses in Honduras; Dr. E. H. Walker obtained 6,356 
plants in the Ryukyu Islands and Japan on his botanical survey of 
Okinawa and adjacent islands; 232 nusoellaneous aped mens from Min¬ 
nesota and California were collected for the ^luseum by C. V. Morton; 
and E, P. Kill ip added to tlie collections 1,367 specimens, mostly from 
the Florida Ktys and Cuba. Gifts included 1,419 spedmens from the 
Arctic Institute of North America, collected by L. A. Spetzman in 
Alaska; 1,436specimens from theMusco do Historin Natural ^‘Javier 
Pmdo,” Lima, Peru, rolleeted by Dr, Ramdn Ferreyra; 1,133 plants of 
Florida from the Aichbold Biological Station, Lake Placid, Fla., col¬ 
lected by L. J. Brass; Oscar L. Haugbt, Littleton, W. Va., pr«cnted 
1,494 specimens of Colombian plants, representing the most recent 
results of his productive field work in South America. In exchange, 
2,072 specimens, mostly phanerogams and cryptogams of unusual his¬ 
torical interest were received from the Conservatoire et Jardin Botan- 
iques, Geneva, Sadtr^rkiid: 1,137 misceUaiieous Canadian plants from 
the Department of Agriculture, Ottawa, Canada; 800 plants from the 
New Vork Botanical tlarden, collected in NyoBaland by L. J. Brass; 
982 specimens from the Univerdty of California collected by Annie 
M. Alexander and Louise Kellogg; 659 specimens from V. L. Katnurov, 
of the Botanical Institute of the Academy of Sciences of the Union of 
Soviet Socialirt Republics, representing various collections from west¬ 
ern Siberia; and 5lu plants from the Institute do Botdnico of the 
Univeraidad Nadonal da Tiicumdn, Argentina, collected in Patagonia 
by H. Sletmier, The National Arboretum transferred to the Museum 
567 specimens fr om Cnlombiit and Ecuador. 

Geoloffy. —^Fi vc new minerals not formerly represented in the miner- 
ologlcal collections w’cra received ns gifts and three ns excljanges. 

The Roebling bequest jirovided funds for the purchase of a large 
gem spodumene crystal from Bnuiil, a fine topaz crystal from Colo¬ 
rado^ and several etched mosses of gem-qunlity beryl from Brazil, A 
pink octahedron of fluorite on smoky quartz from Switzerland, 
wolframite on cassitcrite from Bolivia, and vniiadinite from Mexico 
were purchased under the Canfield fund. A 53.8-camt sjjessartite 
garnet from Brazil was purchased under the Chamberlain fund for 
the gem collection. Mrs. C, Drnge, in memory' of her father, Dr. Frank 
Wigglcsworth Clarke, for many years honorary curator of minerals in 
this Museum, presented a fine cat’s-cya chrj'soberyl from Ceylon. 
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Dr. Stuart H, Ferry donated five meteoritea. Of these, three from 
the following localities are new to the JIusaum collections: Dayton, 
Ohioj Lorela, Biija California; and Keen Mountain, Va. 

A rare Japanese rock, miharaite, was received m exchange from the 
Kational Science Musciun, Tokyo, Japan. 

Important acc^ions were receiveil as gifts, e.vclianges, or transfers 
by the division of invertebrate paleontology and paleobotany, includ- 
ino- 75 type specimens of Forammifera from Trinidad from Dr. P. 
BTOnninmnn; the types of 14 Cretaceous Foraminifera and 39 Paleo- 
cene Radiolaria from Dr. D. h. Frizzell; 58 type Foraminifera from 
tile Lower Cretaceous of Algeria from Dr. A. ten Dam; 51 types of 
Devonian ostracods from Iowa from XhtCO B, Gibson; and 90 types of 
Mississippian ctJtioids from Dr. L. K. Lnudon. 

During the year 288 crinoids, including a number of types, were 
p urchased under tlie Spri nger fund from HarrellL.StrimpIa. Income 
from the Walcott fund provided funds for paleontological field work 
which resulted in con side ruble collections from Alabama, Ohio, Penn¬ 
sylvania, southern Appalachians, Tennessee, Texas, and Virginia, 

Transfers from the United States Geological Survey include 1,800 
types of Ozarkian and Canadian ocphalopods described by A. K. 
Miller, Dr. E. O. Ulricli, and others; and 2 additional large lots of 
types of cephalopods. The Office of Naval Research transferred 
approximately 2.^0,000 fresh-water Mesozoic and Cenozoic moUuaks 
collected by Dr. T. C. Ten. 

By exchange the Museum acquired Foraminifem from Algeria, 
Aruba Island, Estonia, Gotland, Germany, .Austria, and Japan, as well 
ns invertebrate fossils from Germany, Holland, Sicily, Australia, 
Tasmania, and Canada. 

A representative collection of Oligocene and Miocene mammals from 
the Canyon Ferry Besen'oir area in Montana, a Cretaceous mesasaur 
from South Dakota, and a Paleocene pantolambdtd from Nor^ Da¬ 
kota ivera included in the collections obtained by Dr. T, E. Wliite and 
transferred by the River Basin Surveys, Significant collections trans¬ 
ferred by the United States Geological Survey included fish remains 
from the Parana Basin of Brozil, mastodont and other remains from 
the Ringold formation in Washington, and a variety of fossils from 
Eocene and Oligocene Icxialitics in Wyoming and Montana. Paleon¬ 
tological field work by Dr. C. L. Gazin under the Walcott fund 
resulted in the collection of nearly 270 small mammals in ^v&ml lower 
Eocene and lower Oligocene deposits of wcsteni Wyoming. 

En^hieerijiff and ftxfujirws.—Two examples of labor-saving ma¬ 
chines that sen'cd tho farmer during the nineteenth o^tury were 
received as gifts. One of these, a crank-operated fanning mill for 
separating chaff from grain and hulls from beans, which was used m 
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West Virginia about 75 years ago, was received from Arden Wilson, 
'fhe other, a 2-row com planter dated about 1800, was presentetl by 
Warren Hammond. A beautiful rO'Und tablecloth, 10 feet 10 inchea 
in diameter, made of linen eyelet lace and hand-made filet medallions, 
was acquired as a bequest from Lena L, Jones. Eight pieces^ of 
American embroidery and drawn work of the eighteenth and nine¬ 
teenth centuries were presented by Mrs. Helen F. lIcHickle. The 
United States Forest Products Laboratories transferred to the section 
of wood technology 17 woods from eastern United States and ilcjtieo 
and 8 new wood products resulting from laboratory research. Joseph 
L. Steams presented 25 woods from Indochina. 

An oil engine built before 1878 by George B. Bray ton, American in¬ 
ventor and manufacturer, was presented by Brown University at the 
suggestion of Professor Emeritus William H. Kenerson. Ihe en¬ 
gine, which was purchased by the university to drive an nre-Ught dy¬ 
namo, is a 1-cylinder kerosene beam engine weighing about 1,500 
pounds. Stephen C. Van Fleet presented a collection of early radio 
apparatus^ including a complete lO-wntt transmitter of 1Q22“23, a 
Jenkins Eadiovisor of 1030. and a See-All Television Scanner, 

BusscU T. Limbach made a series of stones and prints to illustrate 
the niakiiig of a litliogi'aph. Several notablo prints, including two 
fiftcenth-oentury niello prints, ‘"Christ on tlie Cross” and “Portrait of 
a Pope,” were purclmsed through the Dahlgreen fund. 'The section of 
photography received from Dr, Lowraln McCrea his origiuai cyto¬ 
scope camera. Additions to the print collection include “Awakening,” 
an engraving by Gabor Petcrdi, and “Furnace,” a wood engi-aving by 
Charles Quest, both purchased under the Dalilgreen fund, and “Win¬ 
ter,” a lithograph by Bussell T. Limbach, the gift of Uie artist. Fif¬ 
teen prints by Wood Whitesell and 14 prints by A. Aubrey Bodine 
were presented by the artists for the photographic pri nt coll ection. A 
keratometer or opthalmometer designed to measure the ainount of 
comeal astigmatism was received from Dr. Arthur 0. Morton. 

Uvitory. —walnut chest of drawers once owned by Jonathan Ed¬ 
wards, Kew England scholar and theologian (lTOS-1753), came as a 
gpft from Louise Taylor Andrews to the division of civil history. 

During the year an unusual group of ship models, including the 
Uomme Richardt frigate CoTutitathny sloop Kcarsorgey cruiser Olym^ 
piOf cruiser Brooklyn^ destroyer d/anZey, and heavy cruiser 'Wiehita 
were transferred by the Department of the Navy for incorporation in 
the hall of naval history. 

As a bequest, tlio division of military history received tlie saddles 
and horse equipment of Gen. John J. Pershing, and his son, Francis 
Warren Pershing, planted the General’s library comprising some 
1,800 volumes. 
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The heira of Edwjtrd C. Tarbell (18«S-1&38} guve 12 medals, which 
bed been awarded to this American artist, to the diTision of nun^- 
mjitics. The Kererend Hugh Miller collection of 544 orientol coins 
and 110 Korean omulcte was received as a transfer from the Treasury 
Department. 

The philatelic coUections were increased during the year by gifts 
from the Universal Postal Union, the United States P^t Olfice De¬ 
partment, and agencies of other governments. The dies of George 
F. Nesbitt A Co. ^l85S-70) which were used in the production of early 
United States envelopes were presented by B. H. Homan, Jr., of New 
York City. The Ubntiy of this division was increased by important 
gifts from the Essay-Proof Society, the Bureau ls.<sue6 Association, and 
Scott Publications, Inc. 

exploration AM) flELD WORK 

Tlirough the cooperation of the National Geographic Society and 
the United States Air Force, Frank il. Setzler mado a survey of the 
human and animal effigies located along the Colorado River near ^e 
towns of Blythe niid lliplej", Calif., and near Topoch, Arix. Dining 
the year Dr* W, W. Taylor, Jr., directed sis trips for the prehistoric 
Pueblo ecology survey in the Four Comcra district of Arizona, Utah, 
Colorado, and New ileiico. As Uie representative of the Smithsonian 
Institution, H, W- Krieger attendcfl the Fifth Interamerican Congress 
of Municipal History at Ciudad 'I'rujiUo, Dominican Republic, and 
bubscituently revisited and examined the site of the first planned set- 
aemont in the New World, which had been established by Cliristopher 
Columbus in December 1493, on his second voyage, at L:i Isabella. A 
Ncoslm grant enabled John C- Ewers to continue his field studies of 
Blackfoot crafts on reservations in Alberta, Canada, and Montana. 
Dr. Waldo R. Wedel was detailed to the Smithsonian River Basin Sur- 
veys for an archeolo^cal field investigation of the Oahe Eeservoirawa 
along the Missouri River in Stanley County, S. Dak. 

Field work of recent years on the distribution and variation of the 
bird life of the Republic of Panama, by Dr. Alexander Wetmore, 
Secretary, assisted by Watson M. Perrygo, of the United States Na¬ 
tional Museum, was continued during February and March. Follow¬ 
ing several days occupied with business matters relating to the Canal 
Zone Biological Area. Dr. Wetmore crowed to the Caribbean side of 
the Isthmus where his field outfit, tlirough the cooperotion of the 
United Slates Air Force at Albrook Field, was transported by truck 
to the road end at the mouth of Ihe Rfo Salnd, west of the Canal Zo^. 
Here porters were hired for transport along the beach trail to the 
mouth of the R£o Indio in the western edge of tlie Province of Colon. 
The Rio Indio is one of the longest rivers in western Ponamfi, os it 
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hends in tins mountainB to tlio tiortli of El Valte do Antony where col¬ 
lections were made on the headwaters lest year. Field work beg^Ul 
on February 14 covered the coastal area inland to Cliilar, and on 
February 21 the party moved inland to the head of canoe navigation 
at El Uracillo in nortlicrn Cocid Province, After tw’o weeks’ work 
(Jrere, and a further week at the jnouth of die river, work terminated 
on March 12, 

The region is still one of forest, though clearing and cultivadon are 
going forward rapidly. Vegetation was heavy, and although this 
was the dry season lliere were daily rains except in the immediate 
area of the coast. Tiie collections obtained give much valuable datn 
on distribution, particularly since the region has been uuknown 
orntthologieally. 

Following this, the party worked frou) March 14 to 24 on Taboga 
Island, opposite the Pacific end of the Panama Canal, a region as dry 
as the Caribbean area was humid. The avifauna is extremely lunited 
but has j'jfllded interesting and une:speoted information that will ho 
embodieU in a short paper covering Taboga and the adjacent islands 
of Taboguilla and Uravn, to be publidied during next fiscal year in 
the Smithsonian Miscellaneous Collections. 

The ornithological survey of Colombia, carried on for several years 
through M. A, Carriker, Jr,, opened this season at the end of January 
in the soutliern part of the l eimbiic near Puracd. Operations in the 
main covered regions accessible from Popayan, with one excursion to 
the low'land areas in the Territory of Caquetd. Tlie ivork has been 
highly sucsessful, ajid this season completes tlie survey. TJio speci¬ 
mens obtained this year from the Departments of Cauca and Huiln 
wiU be especially important in assistance in tho study of the earlier 
collections from farther north. 

The detail of Dr. David H. Johnson to the Army htedical Service 
Graduate School research unit, engaged in a study of mammalian and 
other hosts involved in tlie transmission of scrub typhus in tlie vicinity 
of Mount Kinabalu, British North Borneo, was continued from June 
to August 1951. TJie ecological survey of the mammals of the Arctic 
slope of Alaska, commenced by Dr. Henry W. Setzer under a coopera¬ 
tive arrengement with the Arctic Kescarch Laboratory, Ofiice of Naval 
Pcseard), Point Barrow, .ilaska, was concluded in AugJist 1951. 
Charles O. Handley, Jr., in continuntioit of his studies on the mammals 
of eastern United States, especially of the southern Appalachian high¬ 
lands, conducted field work in the Great Smoky ilountains National 
Park during April 1952. On June 15, 1953, Mr. Handley sailed from 
Now ^ork as a member of an expedition, sponsored and led by 
Laurence K. Marshall, of Cambridge, Mass., whidi will be engaged 
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ill anlLropological aud zoological Qeld 'n'ork ovor a period of aeverai 
months in iha Kalahari Desert region of South'West Africa. 

During April 1952, Dr. E, A. Lachner and William T. Leapley in* 
TOStigated the e«ilogy and life history of fresh-ftatcr fishes in the 
streams draining the mountain and Piedmont plateau sections of the 
Atlantic slope fitiin Virginia southward to Georgia and tiienee west¬ 
ward in the streams of the Gulf coast drainage to Alabama. After 
crossing the Mississippi flatlunds, field work was continued in the 
river systems of noi’theastern Texas and Oklahoma, On the return 
trip collections wore made in the streams of the Ozark upiauds in 
Arkansas and also in tliose of Kentucky. A collecting trip which 
extended from near Slirereport, La., to Kerrrille and Ldtredo, Tes., 
and thence down the Bio Grande Valicy to Padre Island and eastward 
along the Gtiif coast, to procure inaicts prevalent only in the fail 
months, was made by Oscar L. Cartwright during September-October 
1051, At the request of the Pacific Science Board, National Besearch 
Council, Dr. Josph P, E, Morrison of the division of mollusks was 
detailed early in June 1052 to make an ecological suiwey of Itaroiu 
Atoll in the Tuamotu Islands. 

Prom Februaiy to May 1952, Dr. Lyman B. Smith, through the 
cooperation of the Rockefeller Foundation and various Brazilian 
agencies, notably the Servjgo Nacional de Malaria, the Herbario 
“Barbosa Rodrigues,'’ the ifuseii Nacional, the Jardln Botanico do 
Rio de Janeiro, and tlie Instituto de Botanico do Sno Paulo, carried 
on a field study of tile relation of the Bromeliaceae to malaria] control 
in eastern Brazil between Panl and Santa Catarina, Dr. Egbert H, 
Walker returned to Washington, D. C., on September 30,1051, after 
the completion of the botiuiical field work on the Ryukyu Islands spon¬ 
sored by the Pacific Science Board, National Research Council. In 
October 1951, Jason R. Swallen arrived in Honduras where, ae the 
guest of the Escuela Agrlcola Panamericana, he w-as provided trans- 
portation that enabled him to collect grasses in the pine forests, open 
grasslands, and cloud forests, principally in tile UepartTnents of 
Moraztin and El Parafso. 

During the year seven field trips wore made for the purpose of col¬ 
lecting fossils and studying geological strata. A. L. Bowsher and 
William T. Allen, with the assistance of members of the staff of the 
New Mexico Bureau of Mines, assembled invertebrate fossils fi-ora the 
Mississippi on, PeanBylvanian, and Permian strata in the Sacramento 
Mountains, N, Mex. In tlie latter half of October, Dr. G, A. Cooper 
joined Dr. B. N. Cooper, of the Virginia Polytechnic Institute, in a 
study of dm facies relationships of nonmarine Ordovician beds in the 
southern Appalachians. Late in October 1951, A. L. Bowaber accom- 
zaeasa—Bi—» 
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p&iiied Dr, Edwin Kirk, of tlje United States Geological Survey, to 
Alabama and Tennessee to obtain Missi^ippian ermoids. Dr. A. B. 
Locblich, Jr., seeiii'ed foramini feral samples from tlie upj>ermost 
Lower Cretaceous and basal Upper Cretaceous beds in norlliern Texas. 
Mississippian and Pennsylvanian Invertebrate fossils were eodected 
in northern Ohio and western Pennsylvania by A. L. Bowsher and 
TliTlUamT, Alien in April IDdS. Dr. C. L. Gazin continued bis investi¬ 
gation, during the summer of 1051', of the tiiummalian faunal horizons 
of the low'er Eocene Knight formation in the Green Itiver or Bridger 
basins of southwestern Wyoming and tlie lower Oligocene deposits in 
the Wind River basin. During October 1951, Dr. David H. Dunklo 
examined brieSy reported occurrences of Cretaceous fislies at Xilitia, 
San Luis Potosf, and Tlaziaco, Oaxaca, Mexico. 

A grunt of funds from Edwin A, Link, of Binghamton, K. Y., en¬ 
abled Mendel L, Peterson to join Mr, Link at Marathon, Fla,, and 
participate in a survey of sevcntoentli-and eightecnUi-century Spanish 
and British ships which had been wrecked on tlie reefs between 
Tavernier Key and Vacu Key, and on West Sambo Beef lying o(F Key 
West, 'rhe Q5-ton diesel-powered boat, Sea Divert owned and equip* 
l>ed by Mr. Link for this survey, afforded a base for diving operations. 
Cannon barrels and balls, iron bull fittings, iron nails, cast-iron ingots, 
uiid fragments of wood liuUg were recovered from the wrecks on these 
reefs, 

VISITORS 

During the fiscal year 1952 there were 3,103,C51 visitors to the 
Museum buildings, an increase of 486,435 over the attendance for 
1951. The average daily number of visitors was 0,T6T. On one day, 
May SI, 1052, 50,329 visitors were recorded. Attendance records for 
the three buildiogs eliow the following numbers of visitors: Smith¬ 
sonian Buildiug, 061,378; Arts and Industries Building, 1,537,910; 
und Natural History Building, £54,463. April 1952 was the month 
of the largest attendance with 459,120 visitors; May 1052 was the next 
largest with 423,103; and August 1051 was third witli 392,177. For 
the last 4 months of the fiscal year, March to June inclusive, a record 
was kept of groups of school children visiting the MusQum buildings. 
During this 4-montii interval, 159,784 children in 4;289 groups were 
recorded. 

CHANCES IN ORGANtZATIDN AND STATT 

Dr. Paul L. 1%, associate curator, division of marine invertebrates, 
resigned on Marcli 13, 1952, to accept a position in the depaitment 
of zoology of the University of Washington at Seattle. On Octo¬ 
ber 19, 1951, Eugene J. Fite, assistant curator, division of graphic 
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arts, transferred to the Federal Security Agency. George S. Thomaa, 
associato curator, division of medicine and public health, resigned 
August 31,19ol, to enter private business. The vacancy in the section 
of manufactures and agricultural industries was filled on Septem¬ 
ber 17,1951, by the appointiuant of Edward C. Kendall as asociate 
curator. 

Hespectfully submitted. 

Be^noton Kellooo, director. 

Dr. A. WEniOBB, 

Secretary^ 


APPENDIX 2 


Report on the National Gallery of Art 

Sir : I liRTre the honor to submit, on behalf of the Board of Trustees^ 
the fifteoiith annual rei>ort of the National Gallery of Art, for the 
fiscal year ended June SO, 1952. This report is made pursuant to the 
provisions of section 5 (d) of Public Resolution No. 14^ Seventy-fifth 
Congress, fir^t session, approved March 24, 103T {50 Stat. 51), 

ORCANIZAT[ON 

The statutory members of the Board of Trustees of the National 
Gallery of Art am the Cliief Justicc of the United States, the Secrataiy 
of State, the Secretary of the Troosury, ami the Secretary of the 
Smithsonian Institutiou, ex officio- The five genera] trustees con¬ 
tinuing in office during the fiscal year ended June 30, 1952, were 
Snmuel IL Kress, Ferdinand liammot Belin, Duncan Phillips, Chester 
Dale, and Paul Mellon. Tlie Board of Trustees held its annual meet¬ 
ing on May fi, 1052* Samuel H. Kixjss was reelected President and 
Ferdinand Lammot Belin Vice President, to serve for the ensuing 
year* Donald D- Shepard continued to serve during the year as 
Advisor to the Board. 

All the executive officers of tlie Gallery continued in office during 
the year; 

Huatfaiftoa Calraa Secretary-Treastirer* 

David E. FltiSey^ Director. 

Harry A* McRride, Admin] atrator. 
riuatlneton CalmSp General CoudbcI. 

Joba Wfllfeer, Cbtef Curator. 

]irae]dll Jnmeap Asa^stant Director. 

Tho threw standing oommitteea of the Bmrd, ns constituted nt the 
annual meeting May C, 1053, were as follows: 

CXECtmVE COUUnTEE 

Chief Justice of the United Statea. Fred M. VinsuD. Ctinlrmon. 

Samnel H. Krejsft+ Vice Duilrmati. 

FerdItiODd lAmmot Belin, 

Secretiiry of tbe SmltMonlaD I^Itutton. Dr. Alexander Wetmore. 

Fatil Mellon. 
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douHrrrcE 

tliia TrcDmLrjj. John Wp Snydor^ Obnltwiix 
Samuel H. Kitbsi, Vl« ClialnuaiL 
FerdLuBJii] Laminot BeUa. 

Clieater Dai la 
Paul nielloiL 

ACQU£SITIU?rs COUMITTEE 

I'erdtJiaud Lammot Bello, Chairtfitao. 

Dudcilti PMlHps. 

Dale-. 

Paul Mellon. 

DavlU FL Finley, 

At the annual meeting on Hay 1952, the Board of Trustees pro¬ 
posed nn amendment to section 5, article VI of the bj^laws of tho 
Trustees^ “Constitution of xVoqiiisitions CommiUec'^ reducing the num¬ 
ber of ex officio nieoibers from tlirce to two and increasing the elected 
members from two to 1111*00. The amendment proTidcd furtJier that 
the Vico President of the Gallery shall be Chairman of the Acquisi¬ 
tions Committee. On Juno 10, 1952, the Board of Trustees adopted 
the proposed amendment and elected Paul Mellon to fill the vacuncy 
existing on the Committee ag the result of the amendment. 

On June 30, 1962, the Gorermnent employees on the staff of the 
Xational Gallery of Art numbered 301, as compared with SOS em¬ 
ployees as of June 30,1961. Tlie United States Civil Service regula¬ 
tions govem die appointment of empl 03 'ee 3 paid from appropriated 
public funds, 

APPROPRIATIONS 

For the fiscal year ended June 30,1952, the Congress of the United 
States appropriated for the Xational Galleiy of Art $1,240,000 to be 
used for salaries and expenses in the operation and upkeep of the 
Gallery, the protection, and care of works of art acquired by the Board 
of Trustees, and all admimstrative expenses mcident thereto as 
authorised by section 4 (a) of Public Hcsolutiou 14, Seventy-fifth 
Congress, first sessiou, approveti March 24, 193T (60 Stat. 51)* Tlus 
sum mcludes the regular appropriation of $1,154^000 and a eupplo- 
mental appropriation of $86,000. The supplemenUi appropriation 
wag necessitated by increased pay costs authorized by Public Law 201^ 
Eighty-second Congress, approved October 24,195 L 
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From these appropriations the following expendituns^ and enoum 


brances were mcumed; 

Persy&Jil serrl-cea—^*^ _ __ __—— - ¥1+425. 00 

Printing and repi:i>fiuc!tloa^>— —-- 

3upi>ne«, cqalpnifjat; etc—^ - 131, Sft3 ,11 

OnobUgated balanw-.-^ __—-- 1+1611.14 


Totals_ _____ ___ Ip 240,000.00 


AlTENBANCt: 

Daring the fiscal year 1952 there weie 1,522,506 visitors to the Gal¬ 
lery, ail average dally attendance of about 4,183, Tliis compares with 
1,503,148 visitors during 1051, an increase of 10,443* Since Jlarch IT, 
iMly w hen the Gallery w'as opened to tlie public, to June 30,1052, there 
have been 30,284,013 visitors, 

ACCESSIONS 

During the fiscal year the Gallery received 1,801 accessions as gifts, 
loans, or deposits. Host of the paintings and a number of the prints 
were placed on exhibition- 

GIFTS 

PAINTINCa 

The Board of Trustees on July 11, 1951, accepted two paintings: 
‘‘^Bight and Left^’ by Winslow Homer and “John James Audubon” by 
John Woodhonse Audubon, botli gifts from the Avalon Foundation. 
On tlie same dale the Board accepted fi^ui E. J. L. Hnllstroni 10 paint¬ 
ings by Audubon: Farmyard Fowls, Black-footed Fen“at, Bull, Atxstic 
Hare, Weasel, Long-tailed Red Foi, Sharp-tailed Sparrow, Orchard 
Oriole, Yellow Warbler, and Ai'ctic Thice-toed Woodpecker. On 
August 24 the Board accepted for a National Portrait Gallery frou\ 
all anonymous donor Llie porti'ait of Gen* George C. Marshall by 
Tliomas Stephens* On Decptni>er 5 the Board of Trustees accepted 
^Portrait of a Man and Boy” by Tintoretto, the gift of Samuel L. 
Fuller, and ^'Gypsy Girl with Mandolin” by Corot, the gift of Count 
Pecci-Blunt. Also on this date the Board accepted a portrait of John 
Cardinal McCloskey by Healy from Miss Elizabeth McCioskey 
Cleary* On Decem^r 17 the Botird accepted the painting "'Eape of 
Proserpine” by Turner from Mrs* Watson B. Dickerman. On Janu¬ 
ary 15, 1952, the Board accepted from tlie Avalon Foundation the 
portrait of Alexander Hamilton by TiaimbiilL The Board accepted 
on May 6 the gift of two pamtings from Duncan Phillips; ^^Singing 
Party” by Hogarth and ‘‘^Allegorical Landscape” by a follower of Par¬ 
migianino. On this same date the Board received tl^e portrait of Mrs. 
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Mnthilde To’wnsend Welles by Sargent, Uie bequest of Mrs. Welles. 
The Board received tvro portraits by Alvan Clark, “Tliomas Wliitte- 
more” and ‘‘Jjovice C. Wliittemore,” from the Thomas Wluttemote 
estate. 

aceuTuaa 

On December 5,1953, the Board of Trustees accepted from Lessing 
J. Bosenwald a group of 15 bronsas by Daumier. 

FBnrrs and DHAwmes 

On July 11, 1951, the Board of Trustees accepted from E. J. L. 
Hallstrom 18 miscellaneous prints by Audubon. On October 16 the 
Board accepted from Lessing J. Rosenwald a ^oup of 244 prints and 
drawings and a group of 1,006 historical portrait prints, to be added to 
his gift to the Gallery. On the same date the Board accepted from 
Mrs. Ajidrevr Carey 23 prints and drawings, and from Paul Rosenberg 
a drawing for the painting ‘*Mme. Moitessier” by Ingres. The Board 
on December 5 accepted 202 prints and drawings from Lessing J. 
Rosen weld, and on December IT the Board approved the addition of 41 
prints by Alphonse Legros to the gift of Gcorgo Matthew Adii.nis. 


exchange of works of art 

On October 16,1961, the Board of Trustees accepted the offer of Les- 
fing J. Rosenwald to exchange the Rembrandt etching “The Presenta¬ 
tion in tlie Temple” for a superior impression of the same work. 

WORKS OF ART ON LOAN 


During the fiscal year 1952 the following works of art were received 
on loan by tlie National Gall cry of Art, 

Fr*ii* Arthf 

Oh a Jlall>eafclnnH.Ltf5b*D^ Fortuitilj 

EigHt Ecld mrfnlUons_ OrMO-Honsau. tJilra cea- 

tnrj' A. D- 


ChesteT DalCfc New Yorfe, N. Y.! 

Lady Llaton-,-^-- -----— Stnart, 

Tlio Lone Teneiuent—-- —-Bollpwfl. 

Tlie Hirnter-^^—--—^— -- ^ Oavld. 

Tie LaiirclrraaCS^----Stclnlen. 


of FarUamfi^lit-.——-— — 

Kew York Street Sc^no In Wluter^ —— 

PortmSt of A Lady lu - - 

Portrait enkl to ho Mrs. Thomfts Palnier^^— 

Tlie Artl«t'a Oardon - -- 

Blnclr Hnwt- _—--— 

SpHiaf? WoodSw.— -—-— 

Boy on tlie BoctiS.- —-- 

The WLndmfll-— *---—--- 

^Donllght- -—--—— 


_ Mofiot 

_ Hoort. 

_ Theii& 

I pkt 

_* Ulnkolocfc. 

€. Klni^, 
Rfla],'or. 

__ Roufifiofla. 

.. Ryder* 
Weir. 
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Fram 

Cbester Palci New Tprk, N, Y.—CenHoite^l 

The _ . - -. - 

4rfJ.ff 

Dttfy. 

View of Fe** ^ — 

Ddfr- 

Th.^ GoJUHULDlcajtt— 

Carrlere. 

Seated NudQ» 

Bratitw. 

Is the Rain ** 

Hnasnln, 

te<l Nude.. - _ 

IlBsaam. 

Cafe Se@ne:»^---i— __- 

Eoi^tilt 

Nude with Ha!»ed Anns ___—,—- - 

Ronnutt. 

^af’lgoldfl ------ — 

Talloiton. 

Rn fif] 11 fi'I ^ n d HT^i pi^ 

OudoL 

Nude TVomim with Fltnrerw and FruU- - 

BrfKjue, 

BroQuo, 

Nud'e Woman with Fmit.—-- .. 

Peonle^ri . _ ._ 

Braque 

Bmque. 

Bmquer 

deChlrfeo. 

Demin. 

Derain. 

8tUl Life: The Table;.__ -- — 

StIU Life: Ic Jour ___ 

ConreimtIeD atnong th# Ruins _ _^ 

Harleqsls _— - --- - 

In an Arrne^eiT- . . .. _ — 

Hi^d nf a GirL - _ 

Derain. 

Still Life w _____ 

Derain, 

The Old Brltlje . --- _ 

Flowera In a Vj|ffp___ . _ _ _ ___,_ 

DernLn. 

Der&ln. 

H&ad of a Wfinifl n . __ _ _ _ , 

Derain. 

StiU Llfe--™^ _ _____ 

PufrcBue. 

Judgment of Faiisi ___ __ _ _ 

Dnfresnp. 

Nude^ Reellaljip..^.. -—-—- 

Saint 3 Hi^^t - -— ■ 

Dufy. 

Dufr. 

Gromalre. 

Le^r+ 

Vendor of tces— -r - 

Woiudu with- Mirror ___ ^__-. __ _ 

lu the Park... - . -- ...... 

The Big Qio^id - __ 

Lnurenetn. 

LurcuL 

Mutl^»se. 

iMELtl^ae. 

Matljsse. 

MatiBaa. 

(Mail Mine with RalBed Anna __. 

WnuisTi with Eluctie Plants ____ 

frffl Gorges do , 

Still Life: Apples on Pink Ttible niotli— 

The Plumed Hat __ ___ _ 

iUhlbi^. 

Bl^reouflsis. 

BlodlglLfinL 

Modlgllniii, 

BloillillniiL 

Blodlgllnni, 

Modigliani. 

Oudot. 

PIcrassa. 

The Mualdan -___ 

l^eon Bakat_ _ _ _ _... -, t ^ - r ■ . 

Wme, Atnedce {Woman with Cleeretto 

Ailrlefioe (Wotnaii with. Hnnip^)__ _ _ _ 

Woman with Red Htiir __ ____ 

GsjiiSj Woninu with Kahy*^. _____ 

The jlartei ________ 

The fxi^era __ 

Tho Trnjretly __ _ ___ 

FlcaSfiO- 

PkaEBo. 

Flca^o. 

The Gonnnet^^_ _ _ _ _ 

Two Y^^iuLha_ ________ 

IiiPKler with Still Life,^^^_^ _ ___ 

PlOlUlflOi 

Pldtsso. 

PlejiKSfi 

Fnmllj of SnEthnhnuquca _ _ ^ . , 

Still Life _______ . _ __ 

Claasf^lciil Head,,-^,-- ___ _ __ 

Pleasan. 

Plcfto^o, 

BIme. Plcaa»o^_-^_ __ 
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Chester Dale, Ne^ V'orlE, N. TT^^oaHtmrf 

Evjrtralt ot a Boy^-— —— ^- — 

The Stairway, UellfivUliL. . 

BaUiers--^^— - — ———- 

&Ja tUj-Saiiite-Oeae vlo ve- -- - 

Chnrch Salot-JierGrln-^ -— 

Ya^ af Hluwers - - -— 

The Bl^er--- —-- 

Still Life wUh LeiutMiH— - — -- 

Old Port of hSarseillo -- 

Carrleres-Salnl-Bonls — - 

U. a, Departiflent of State 
(Cikarles lioeser Bequeaty : 

BtUl LUTe of Apples^— --—- 

sun Life ipflth SltuJl— - -- — 

La Salute Vletolre^-^-*— ——■ 

Oouae Beside a - —- - 

The Forest,-- -— - 

The HSLI- —- - 

Boothcmae on tlieBriver___-^,__^ — 
Landec^pe with a Tow^^r — — — 
itra. wmiam O* Johnson* Frederick, Md.: 
Porlrnlt of Monroe-- - - 


Ar^M 

Soutine, 
Qnlz^t 
Tonan. 
Dtrlllo. 
UtrlUo. 
Viarolnch. 
VlaiDknek. 
Vhunliiek- 
VhmiliwlL 
, VlamlnLk. 


, Cesuime, 

„ Cezamie. 

_ Cezanne. 

^ CexituDe. 

^ Cezanne^ 

„ Coxaune. 

,_ Ceianne. 

_ _ Cezauno^ 

_ Vauds^rlj'ii. 


PatrLck Tmey JaeksoDi CambriiigeT iiaiis. ] 

Patrick Tracy----— - Trmnholl. 

Walter Cl B, Morse, Glenwood, Md-; 

Franclfl Goodlue Harper^— --— Samoel F, H. Moisu. 

Bobprt Woods Bliss. WaBhin^on, D. C.: 

2S ohJoctB of FTp-Columhlan art 


loaned works of art returned 


The following works of urt on loan were 
3 ear l&^2 : 

ro 

Cbutiocey SttHmaii, New York, Nk Y. ^ 

A HftlhordSer—————--—- —-- 

Mrs. Botwrt Brookfoi;^. Waohiu^ften, D. C.i 

iBUhel VaUe,,^—— -— 

Isabella H, SaT«eBnt__ ---- 


Feturned during the fiscaJ 

Arftft 

_ _Pontormo. 

____ Saru^nt- 

_____ SarsenL 


WORKS OF ART LENT 


During the BscaI year 1S52 Hie Gallery lent the following works of 
art for cisliibition purposes: 


To 

Ajnerlcan Federation of Arts (Berlin EahlhRloti) * 

Georgo WashlnjUon (VauglJati-SinclAlr}^..--^- 

AUuntu Art Association. HlgJi Musotim. Atlanta. Ca. 

Alexander HamUton - -- -— 

Jane Browne,—^- --——— 

WllLiamlna Mooro. - --- 


Arftcr 

_ _ Btnart. 

Trumbull, 
„,. , CoiHey. 
FVfke. 
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re Arnti 

Atlantn Att Mlgli Atloista, Gs.-^^ContSDued 

Juhn PWJip de Ema ----—■ .... PsaIt O, W. 

MnEUdet Ctti^er_____ Stnnrt 

CSiK>rs« PoUoclc-------Btimrt. 

afrs, Geailfe PolliitJc____ _ ___ StuaxL 

aoberl _ _ _ , . ----- - - Stuart, 

Iiiike Wblle^——-—.— -—Stuart. 

And Hopktiuioii________ SeiPj^ 

FranelB Bo]dcliisoiL_-_ _ _. , _____ Bu^y. 

Self Portrait__________- West 

Mary Woltaa _ _ __ ,. _ __ WoPaetoa. 

William R!cknirt________StUutL 

WUPata S. --—___ Elliott 

JoAlas .Atlstou^--__ _ ____Tbeut 

Tbomatr Fiilne___________, Janla. 

ETonr^' Clny— - ------ ---- Aodubai], 

Henry Lnureos-^.-^._ _ ________,_Copley. 

Andrew Ja<!kBOD_ _ ____ _ ____Ralpli EarL 

General Manltrle.^_____ — _ ____ Peale, O. W. 

PociiJioiitaa ________ Britlan Sehoot 

Woreeater Art Museum, WercesterK 

A YoUdi: Woiaan (Costume Smrly) - --Burer. 

N^utlooal Atidubnu Society, New Tark^ Nk Y^i 

Bn 11,,^.. -—*w„ ---Au dubou, 

Arctic Harp--^^__ Anduboit 

PortraStfl, luc.. New York, N. Y.: 

Andrew W. 3fcU?Uori_^^--—____ Oswald Blrley. 

PblUlps Galleryt \Vaatl[L^on< D. CL: 

^torm over Taoa (water cnlcr)^^_______ Marin, 

Eolio Lake (water color______ HftrltL 

Woodlawn Asaoctattan, Woodlswn* Viu.! 

WllUam Tbomton-—.— ---Stuart. 

Mm, WllUom Tfaomton____ . _ Staart 

Geonge Wasblofton at Prliicoton^__,___ FoJIl 

Senate HoUite Einev^lon, N, Y.; 

Zaebariab Bcbocniaaker__ _ _ . __ TanderlyiL 

Tbs EeEurn of R[p Van Wiulde^--- Qnldor, 


EXHIBmONS 

The following exhibitions were heW at the Kational Galleiy of 
Art during tlie fiscal year 1952: 

Amcrl<»n Faint Is^^b from Uie ColleptloD of tbe National GoUciy ot Aft. 
OontUmed from prerloae flscal year throat September 10,1951. 

Autlaboa Palntlnp and Prlnta from the CoUaetton of the National Gb11«7 
at Art. September 23 throtigb October 28,1951. 

Index of AmertcBb Design. Water-color nmderlbga. NoTember 4 throngb 
Norember 29, 1991. 

Flfteenth-eentnry Graptiie Art. rrato the Rosenwald Oolleetloti, tncInAlng 
woodcuts, hnadaldes, a famoita printed teictlle, block books, and early illostroted 
woodent books. December 2; 1051, thnraeh February 3, IBSa 

Frencb Palatinga, Lent to the National Qallciy of Art by Cnpt Bdirard 
Uolynenx of France. Uaieh 2 throngb May 11,1B52. 
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LltbogTDphB by ToTi[cmBe“lJintrec. Prcni the Bo*enwaia CoHocOon. Opened 

May 18.1062. ^ 

FroDcli ElghteeBtll-wntnry AquAtinta. Tiom the WEflen-ef C^JU'ecUca, Opened 

June 3^ 19Q2. 

The following exhibitions were diepUyed in the cafeteria cor¬ 
ridor of the National Gtllery of Art during the fiscal year 1052: 

EneraTlnga by William Rlalee. Gift of anonymoia donor. Conttnoed from 
previous flseal year through Jauuarj 20, 1052. 

Etchings by Jacques CalloL The acecnwnld Collection. January 22 through 
April 10, 1052. 

Etehinim ami drypoints hy Alphonse legroB. The George Mat the vr Adnnm 
Collection, Opened April 10, 1002, 

TRAI’ELING KtfflBmONS 

liogenwatd Special exhibitions of prints from the 

Rosenwald Collection were circulated to the following places during 
the Gscal year: 

U* a. Department ef State Esbltltion In Germany \ 

CantemEhjmry American PrLatai 
Attgiiflt IttSt-JanunTy 1&“2- 
UnlvarHity of AlnbnmAt UalTersitrK Ala.: 

Rxblbttloa of PleaSSci Prints. 

Septeaiber-OctnS>er l0^5lv 
U aLTCTs! ty of Mi iiial, Coral Gnbloa, Fla, J 
Bnjillsli Water-calor EaliiblUoTi, 

Octolier l&Sl. 

Slatjvlllo Colloso, MBtyviSle. Teniu: 

Freticb Nlneteeiith-eetittirj EihibUlon. 

October 1931^1 

PflEadL-na Art laiHtiite, PisimdenOp Caltf.: 

Mary CAseati PrintA 
October 1931. 

UaiTOTslty of PlttsbuntlJ, PSttubtirsh. Pa. : 

Selections from the Itoseawatd CplleetSon. 

October IbSl-^anoory 1952, 

Cleveland Mtiseum oI Art* acTCland. Ohio: 

Lyonel Felnlueer PrIntA 
Octoboi^T^e^oinber IWJl* 

Fogs Mdseuta of Art* CAmbrldse. Maw : 

CrAnaeli WoodcuEs. 

November l^SI. 

Carneele lastltnte. Department of Fine ArtSp Plttabnrgbi Pn.: 

Old Master DrawtnE®r Frencli E^bltion. 

November-December X&51> 

Worcester Art bCuKedm, Woreeater, Masa : 

The Practice of Drawing, Old Maater DrawIngA 
November ISKSl-Jaaiimr^' 1932, 

PhlladelpMa Art Alliance. pbJJadelpbla, P*-: 

Beckman a Prlnta. 

December 1051^ 
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€arDi>si« iDBtttute, Deportment of Fine Arta, Plttebnreli, Pb,: 

VMlard ExhlbLtloDu 

January 

lUIwHUkee Art InallttiteH MilwHilkee, Wis,: 

Bliilre ExblbltJotL 

January 

Birmingham Mui^oum af Axt^ BILrmla;;bnmi Aliu: 

Vollard Exhltiltton. 

Fcbrunry-BJarch 

PhKtflclalphLa Museum uf Art, Phlladolpbla, Fd.: 

100 Maatarpl«ce$ cpf the EMuL 
FebmRTj-Mnrth IWiiJ, 

UinceajicllB InatLtutaof Afta, bElnnoapolls, Mlnu. : 

Water t'olora by Old ilas^tora. 

April JiWune 15.1D52, 

Wc-tdoyaa UnlveraJty Art DepttrtmeuE, Mlddletoifti, Conn.: 

1 Plca5s<j—Pk-a^tso-Kjee Exhlbltlinn. 

May 12-SO. 1052. 

Dnseh-lCela^nr^er Mudeun^ Harvard University, CambridgeT Mawi. t 
"Durer, Before fuiEl Aflerp" SiTEteetith’Cchiary Frl&ln. 

3Iay &-J1UIO 10.1052. 

U+ 5. Department of State, Waablnfitcih, D. C. s 
4 Amcrlcau Cantejaporarled for Lugano. 

The White House, Waablngtonp D. C,: 

Pormaneut Idau exhlblttan of 2t prluts. 

Index of Americim During the fiscal year 1952,38 travel- 

jiig exhibitions of original water-color renderings of this ooUection, 
with 78 bookings, were sent to tlic following States and countriee: 

A"iimi6rr a/ 

KrAf&iffeni 

Alabama—- ----^- —.. 2 

Arkat»aa-^-- -- - —-- . 2 

CouuecUcut — -— - -——-—— - - 4 

Dlatrtct of Columlila^-^^ -- 7 

Florida----— 1 

Kentucky -- -—--- 1 

Maryland- - 2 

Masaadiiiactta--- 2 

Mlssouri-^^.—— _ _ 1 

New Bompahire _ _ -__ Tl 

New JoKsay---— __ 1 

New York —- —* 10 

Norlb CaralSna- ^>^ __ _ t 

FarmsyLvouIa_ 1 

South Carolina _ _ _ 1 

TennwBttw* -- _ jj 

Utah—.... -. . ___ i 

Vorrooat_ __ g 

Virginia_ l 

WLsrooMn-^_ __ 1 

Europe {esccupt Westeru Uetmauy). _ 1 

OertuoDj anil Auabda -- - 1 

Western GernLaoy--^-.___ l 
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CURATORIAL ACnVITlES 

Tlifl Curatorial Dcpuitmcnt accessioned 1,653 now gifts to tiia 
Gallery during tlie fiscal year 1952. Advice was given regarding 30T 
works ol art brought to the Gallery for opinion, and 6fl visits to other 
collections were made by membera of the stall for either erijert opinion 
or in connection with offers of gifts. About 9,000 inquiries requirmg 
research were answci’ed verbally and by letter. During the year seven 
Individual lectures wore given by mcmbena of the curatorial staff. 
Miss Elizabeth Mongaii gave a lecture scries to students of Beaver 
College, and Charles M. Ricluirds conducted two courses in art history 
under the auspices of the Depart ment of Agriculture. Mn Richards 
attended tlie annual meeting of the American Association of lluseu^ 
and served as an expert in a round-table discussion of rcgistrarial 
problems. Miss Katharine Shepard was sent as a delegate from the 
Washingtoii Society to die annual meeting of the Archaeological In¬ 
stitute of America. Perry G, Cott was elected to die Board of Gov- 
eniois of this Institute, ifr, Cott arranged a schedule of tourc of 
United States muse urns for visiting foreigners under the International 
of Persons Division, State Department, Erwin 0, 
Christensen made ciraminations of objects in the W idener collection in 
connection with die publication of the liatidbook, ‘^Jewels and Rock 
Ciystela.’* Mr. Ciiristenscn also made a survey and wrote a report 
on the condition of die marquetry of the furniture In the Widener 
collection for restomtion purposes. 

Special installations ivere prepared for the eight gold medallions 
lent to the Gallery by C. S. Gulbenkian,nnd for Pre-Columblan objects 
lent by Robert Woods Bliss. 

The cataloging and filing of photographs in the Richter archive 
continued to make progress. The cataloging of photogniphs in the 
Stieglite collection was completed in the spring; 1,436 cards were made. 


RESTORATtON AND REPAIR OF WORKS OF ART 

jfeecssary restoration and repair of works of art in tlie Gallery -s 
coUectioiis were made by Francis SulUvan, Resident Restorer to the 
Gallery. The work was completed in tho Restorers studio m the 
Gallery. 

PUBUCATIONS 

Duriii*-- the year Huntington Cairns contributed an article on ‘‘Tlie 
Hummiiries and the Law” to the New York Univeraity Uw Review, 
and reviews of volumes I, H, and IH of “The Psycholo^ of Art, l^y 
Andre Mulraus, to tho Virginia auarterly Itevicw, Caravan, llie 
Story of the Middle East,” by Carleton S. Coon, te 
MoSily; and “The Spirit of Liberty: Pap^ and Addr^ of 
Learned Hand,” edited by Irving Billiard, to tJie Baltimore Evening 
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Sun. He nlso delivered a series ot lectures at the Joiuis Hopkins 
University on “TJie Theory of Criticism.” 

.•Vn article by John Walker entitled “Your National Gallery of Art’’ 
appeared in the Jauuaty issue of die National Geographic ^lagazine. 
Airs. John Shapley contributed au article, “B^iozsio Gozzoli's Dance 
of Salome,” to the Gazette des Beaiix-Arts, February 1952. Perry 13. 
Cott contributed on article, “Italian Art in the National Gallery, 
Washington ” for Le Vie del Alondo, May 1952, Mr. Cott also pre¬ 
pared the catalog “French Paintings from the Alolyncus Collection,” 
April 1952, Miss Elizabeth Mongan wrote ‘‘Introduction for Bo¬ 
tanical Books, Prints and Drawings from die Collection of Mrs, Hoy 
Arthur Hunt,” October 1951. Miss Mongan also wrote “Introduc¬ 
tion,” Bcdcr, New York, BorgeurJeht Gallery, 

The new book “Great Paintings from the National Gallery of Art,” 
by Huntington Cairns and John Walker, to be published by the ilac- 
millan Co.„ will be ready for deliverj' in November 1052. A new 
Handbook, No. 3, on “Objects of Aledicvul Art” by Erwin 0. Christen¬ 
sen, is also on order, 

A book for hobbyists, enlitlcfl “Early .iVnierican Designs; Ceramics,” 
was written by Erwin 0, Christensen; and two articles on adult art 
education progiiinis were written by Miss Lois Bingham and Grose 
Evans for the Walters Art Gallery in Baltimoi^ 

During the fiscal yesr 1952 tlie Publications Fund added five new 
color postcards and a new 11-s-H" color reproduction to the list 
available, and 59 more of the large color plates were made for use in 
the new book “Great Paintings from the National Gallery of Art,” 
and eventual use for prints. Four new Cliristmas card 

color plates were also produced. 

A new guidebook, “Looking at Italian Pictures in the Kational 
Gallery of Art,” was Lsauetl, and Mr. Walker’s booklet “Paintings 
from America” was placed on sale. Tlie Handbook No. 1 went into 
a third large printing, and a second piinting of the “European Paint¬ 
ings fioni the Gulbenkian Collection” was received. Before Christ¬ 
mas, n calendar entitled “Famous Paintings” and a Spanish-language 
guide to collections of art in the United States, both including a large 
number of Gallery works of art, were placed on s.ale in the information 
rooms. 

During this period, reproductions of 10 pieces of sculpture from tha 
Gallery’s collection were wado avuilahle for tho first time and have 
been well received. Three more iccordings hy the National Gallery 
Symphony Orchestra were also placed on sale, as well as a new set 
of Index of American Design playing cards, A checklist of the 
Molyjieux paintings was made available dui-ing the exhibition here 
in the winter. 
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EDUCATIONAL PROGRAM 

The Attends nco for the general, congressional, and special tours 
and the “Picture of Uie Week’' totaled 36,736, while the attendance 
&t the 48 nuditorium lectures on Sunday aftemoooa was approsimately 
14,^84 during the fiscal year 1052, 

Siiecial toui^ lectures, and oonferences arranged for by appointment 
wore given to 213 groups and individuals. The total Dumber of 
people served in this manner was B,G51, an increase of 3,033 over last 
year. These special appointments wore made for such groups as 
Department of Stale trainees for overseas cultural service, Germans 
p[>onsored by the orientation program of the Ajnerican Council of 
Education functioning under the point-4 progi'am of the Department 
of State, groups from rarious other goveriuuental departments, high- 
school find college students, women’s clubs, Brownies, Scouts, Smday 
school classes, and groups from national conventions meeting in the 
city. This service nlso included the training of Junior League vol¬ 
unteers who thorCiifter conducted tours for art students in the Wash¬ 
ington high schools and a training program for members of the 
Arlington American Association of Univeisity Women who served 
as volunteer docents and conducted tours in the Gallery for all the 
Arlington public-school children in grades two through sis. 

The staff of the Education Office delivered 26 lantem-slide lectures 
and four film lectures, while guest shakers delivered 17 lectures. 
During March and April, Jacques Maritain delivered the first annual 
series of the A. W. Mellon Lectures in the Fine Arts on the theme “Cre¬ 
ative Intuition in Art and Poetry.” 

During the past year 13*1 ijersons borrowed 4,853 slides from the 
lending collection, which contains more than 10,000 slides. 

Two additional l6-mra, prints of the film “The National Gallery of 
Art” were made. Seven prints are now available for circulation. 
The film was lent 73 times during tlie year. Two sets of 2’S-2"^-size 
slifies, and one set of standard-size slides of the “Christmas Sto^ in 
Art,” a mimeographed lecture illustrated by 34 slides, were available 
for circulation. These were in constant use during the Christmas 

season. ^ 

The monthly Calendar of Events announcing all the Gallery activ¬ 
ities, including notices of exhibitioDs, new publications:, lectures, 
gallery talks, tours, and concerts, was mailed to more than 4,000 
persons, 

UBRARY 

Books, pamphlets, periodicals, and subscriptions purchased out of 
the fond presented to the National Gallery of Art by Paul Mellon 
totaled 433 during the fiscal year 1053. Gifts included 285 books and 
pampblets, while 614 books, etc., were received on eschange from other 
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institutions. In addition 364 photographs of works of art wcrs re- 
coiv«d on axchangs. A total of 301 copies of the illustrated catalog 
of **Paintingg and Sculpture from tlie Kress Collection,” and 299 
copies of the catalog “Benaisance Bronzes from the Kress Collecticm*' 
were sent on e.^changQ to other museums. Tho Library is the deposi¬ 
tory for photographs of the works of art in tlie collections of the 
National Gallery of Art. A stock of reproductions is maintaitied for 
use in research occupations by tlie curatorial and other departments 
of the Gallery; for the dissemination of knowledge to qualified souresa; 
for exchange with other art institutions; for publicity; and for sale 
at the request of any interested individual. 

TJie photographic collection has grown with new bequests and 
loans made to the National Galleiy of Art during tho year. A sub¬ 
stantial addition has occurred in the instance of the new loans from 
Chester Dale. The photographic file continues to present a complete 
pictorial record for reference to all the obfects in the Gallery as well 
aa to provide limited quantities of S-x-10'^' prints for distribution. 

During the year 641 persona other than the Gallery stafi used the 
Library for rescarcli. 

INDEX OF AMERICAN DESIGN 

During the fiscal year 1952 a total of 9 new eixlubits containing 396 
renderings were completed. Permission was granted for the repro- 
ductioD of 183 plates, while 743 pbotograplis were distributed for 
use by designers, possible publication, researcli, study, and publicity. 
A total of 1,016 slides were clrculatod and several designs from the 
Index Wei'S adapted for commercial use on drapery material, furni¬ 
ture, and playing cards. The entire collection of 1,666 color 

slides was organized into 30 loan sets and 1 miscellaneous group for 
loan to individual lecturers, museums, sdiools, and colleges. 

MAINTENANCE OP THE BUILDING AND GROUNDS 

The usual work in connection with the care and maintenance of 
the building, its mechanical equipment, and the grounds was continued 
throughout the year. Considerable redecorating was done, including 
the painting of several galleries and oCices- Flowering and foliage 
plants, totaling in number 6,869 and valued at approximately $7,700, 
were grown in tho moats and were used for decoration in the gtrrden 
courts throughout the year. 

The lawn-sprinkler system was extended to include several 
areas between Constitution Avenue and the sidewalk adjacent thereto. 

During the winter months, all the refrigeration machines were given 
an annual overhauling which included the balancing of the rotors, 
the cleaning and testing of new parts, and the nece.ssary repmrs In 
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order to place them in condition for the summer months. During 
the process luboratory tests revealed that two of the machines needed 
ceriaiu replaceoients. This condition was called to tlie attention of 
the manufacturers, and the Gallery was informed by them on June 
20, 1952, as well as by the Vcmiilya-Brown Co., that Uie condition 
was serious and it would be necessary to replace the condensers, com¬ 
pressors, and coolers in all tliree machines. Estimates obtained 
indicated that this work would cost about §187,500. These funds were 
made available in a supplemental Qpproi)riation bill by the Eighty- 
second Congress for use for this purpi^o durmg tlie fiscal year 1053. 

Two sections of skylight, vDpresentiiig an m'ea of approiimately 
6^50 square feet, were completely overhauled, ami this work of skylight 
repair is being continued. 

The American District Telegraph Co.*s automatic file*alarm sys¬ 
tem was extended to the two storage areas on tlw 81-foot level north 
and south of tJie rotunda, 

The Gallery'S stiijf did a considerable ainoimt of work in connection 
with the new storage vault, especially in the installatioa of steel storage 
mciiSt 

CONSTRUCTION OF NEW GALLERIES 

Work under the contract entered into on July 31,1950, for the con- 
rtruction of galleries 35, 35A, ^0, 41, and 41A in the EOiithwest end 
of the building was completed in January 1052. Private funds were 
made available for this purjKise. 

CONSTRUCTION OF STORAGE FACILrnF.S 

The completion of the work under the contract entered into Mareli 
1,1051, for building a storage room adjacent to the Galley building 
in the southeast moat, has been delayed because of the difficulty en¬ 
countered in obtaining certain materials called for in the specificatioiw, 
and it is now anticipated that Uiis project will be completed late in 
the summer of 1052. 

Work under the contract entered into on March 2, 1951, to build 
a storage building and recoil struct a cottage on the site of Randolph- 
Macon Woman's College, Lyndiburg, Va., was completed in April 
1952. Both of these projects were made imssible by private funds 
donated for these purposes. 

OTHER ACTIVITIES 

A total of 43 Smidnv evening concerts were given during the fiscal 
year in the West Gar^leii Court. The National Gallery Orchestra, 
under the direct ion of Richard Bales, played 11 concerts at the Gallery 
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with 4 additioitnl perforinniices in CharlotfE3Vill& and Ifiddleburg, 
Va. Two of the oreliestml concerts at the Gallery were made possible 
by the Music Performance Trust Fund of the American Federation 
of Musicians. The orchestra also gave two children’s concerts at the 
Corcoran Gallery of Art, During April the Sunday evenings were 
devoted to the Gallery’s Ninth Annual American Music FestiTal, 
featuring 34 works by 15 American composers. Most of the concerts 
were broadcast in their entirety by Station WCFM, Washington> and 
those of the National Gallery Orchestra and the American Music 
Festival were rarried by the Continental FM Network, The Na¬ 
tional Gallery Orchestra made two long-playing records, one of which 
was selected by the New York Times for its list of outstanding record¬ 
ings of the year l&ol. During August and September 1951 the Na¬ 
tional Gallery Orchestra played tltc first regular series of symphonic 
music on television as part of tlic NBC “Heritage” programs of art 
and music originating in the Gallery. Tliis was selected by the New 
York Times as the finest serious music program of 1951 on television. 

The photographic laboratory of the Gallery produced 14,028 prints, 
390 b1ack-and-w hite slides, and SSS color slides during the fiscal year, 
in addition to 3,214 negatives, as well as X-rays, infrared, and ultra¬ 
violet photographs. 

During Ihe fiscal year 1952, a total of 2,098 press releases were issued 
with respect to Gallery activities, w bile 161 permits to copy paintings, 
and 240 permits to photograph in the Gallery were issued, 

OTHER GIFTS 

Gifts of books on works of art and related material were made to 
the Gallery by Paul hlellon and others. Gifts of money were made 
during (he fiscal year 1952 by the A. W. Melton Educational and 
Charitable Trust, the Avalon Foundation, and the Old Dominion 
Foundation, An additional cash bequest was I'eceived from tiie estate 
of the late William Nelson Cromwell. 

audit of private funds of the gallery 

An audit of the private funds of the Gallery has been made for 
the fiscal year ended June 30, 1952, by Price, Waterhouse & Co., public 
accountants, and the certificate of that company on Us examination 
of the accounting records maintained for such funds will be forwarded 
to the Gallery. 

Bcapectfully submitted. 

HnsTiKOToir Caihmb, Secretary, 

TtiE Secbetaby, 

Smithsoman /netituticn. 
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Report on the National Collection of Fine Arts 

Sns: I hare tlie hoaor to submit the following report on the artivilies 
of the National Collection of Fine Arts for the fiscal year ended 
June 30,105S: 

T1I£ SMlTHSONfAN ART COMSnSStON 

The twenty-ninth annual meeting of the Smithsonian Art Commis¬ 
sion was held in the Eegents’ Room of the Smithsonian Building on 
Tuesdiij, Decemiwr 4,1951. The memhcis priisent wore: Pfliil JEioi- 
ship, chairman; Alexander 'TTetmorc, secretary (jiieinber, es officio); 
Robert Woods Bliss, Gilmore D, Clarke, George H. Edgcll, David 
E. Finley, George Hewitt Myers, Archibald Wenley, Lawrence Giant 
White, Andrew* Wyeth, and Mabonri Young. Thomas AL Beggs, 
Director, National Collection of Fine Arts, and Paul V. Gardner, 
curator of ceramics, National Collection of Fine Arts, were also 
present. 

The Commission recommended the rcelection of George H, Edgell, 
Lloyd Goodrich, and Lawi'Ciice Grant Tt^iito for the usual *l*year 
period. As James E, Fraser had been unable to attend Gie meetings 
for several years, bis status was cbangcd to that of member emeritus. 
The secretary was instructed to send a letter on behalf of the Com¬ 
mission expressing thanks for JIi'. Fraser’s services and a desire for 
his presence at its future meetings. Tlie Coinmissioti rccomiiicnded 
to the Board of Regents tlve appointment of Walker Hancock to 
membership. 

The following officers were eketed for the ensuing year; Paul 
Mansbip, chairman; Robert Woods Bliss, vice rhainuan, and Dr. 
Alexander Wetmore, secretary. The following were elected members 
of tlie esccutive committee for the ensuing year: David E. Finley, 
chairman, Robert Woods Bliss, Gilmore D. Clarke, and George Hewitt 
Myers. Paul Mauship, as chairman of the Commission, and Dr. 
Alexander Wetmore, as secretary of the Commission, are ex officio 
members of the executive committee. 

Mr. Beggs reported that gifts received during 1951 include a fund 
established by Mrs. Laura Dreyfus^Bamey for the pur[)038 of main¬ 
taining a lending collection to advance tlie appreciation and creation 
of art throughout the United States. The capital of $15,000 is to 
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be increased during the nest 3 years by ntuiual additions of $5,(TO. 
mtiinately tlie fund will help substantially tbo National Collection 
of Fine Arts in carrying out the authorization in its act of esUln 
lishment for the circulation of traveling eshibitiona. 

The Barney fund, in conjunction with a grant made last June by 
the Department of State for the assembling of la exhibitions to bo sent 
to West Gennany and Austria, has i>erniitted the Institution to obtain 
the Service of Mrs. John A. Foiie and Miss Gladys E. Acton, who 
will handle, under the direction of the National Collection of Fine 
Arts, tlie details of the new Smithsonian Traveling Exhibition Service. 
With the National Gallery of Art and the Freer Galleiy of Art serving 
as national repositories for rare and vitluabic paintings, sculptured, 
and art objects of the best periods of European and oriental art, it is 
now the acknowledgetl responsibility of the National Collection of 
Fine Arts to encoorage contemporary art and artists. 

TIio Commission accepted the following objects for the National 
t'oUection of Fine Arts: 

Q11, Nanty. Iiy George DoForest Driiali, N. A. (lSri.VUMl>. Henry Word 
Rocser 

on. The by WUHam AI. R A, Hs^ry Word 

bequest. 

Two KUlptiurca. Babflou (Id IJmc^tone) nnd Anteloite {in bluck B^itsSiui 
marhlc), by Bessie a Calleiider {lBS0-Ii)Sl>, Gift of her htisbatul. nurold 
CftUeoder* 

Three pEcecs ot ujodem Rlaffl. Trlthtt^ebale and MeerTiVfslbaeha Ee, both etAgrn 
c. IfiTJip AusBinat tuade by L«Ltneyer Fflcteiry, and an ennmelod i»erfiiniG bottie^ 
dealgned by Galld. Gift «f Mr- and Mrs. Hugh J. SmEtb, Jr. 

Fitfe DrtrfrwInTiliyr jileccs of eerainif^s from the Second Aniiu^iL Exlin^ltlon 
of C^ramre Art. l^U bowl, bkck glatc, by Mnry TUlon BramUK^U; 

rSce bowl, bnushwork. by KatbTi^eu P. Tjewta \ stoutiw.ire IkhvI, ijmen 
by Heleu O'Brlon ; bo win brown pIhsgO, by Ualo Pnrsel; and jng with stopper, by 
Alta C. Futler. Gift of the Kiln Club. 

Mitilature, water color on Ifory^ The Laat Earl of GlouealrD. by nii undeter¬ 
mined ftrtlflt Giit of WUiiam Mouat Haunay. 

TIIE CATHERINE WALDEN MYER FUND 

Eight iiiinmturts^ woter color on ivoiy, w*ere Acquired from the 
ftind BstsiblEshfcd through the bequest of the late Catherine Walden 
Myer^ as follows: 

TDp AlEHa ^largaret Lfddell. by Nathimlel Plltuer; frniu Edmund Bnry^ l^hlla- 
ilelpblBf l^u. 

50. Will Im p T 4 iTrtp,i.H, by undctoriiiluod frojn ilLss Jonnla E. DocUtile^ 

VVii^JillXStonp D. r. 

51. {^enilejuan To Bed CoaL attributed to Gerfasje Spencer. 

82. G«ut1emEln with a Black Coat^ attributed to John Tbomoa Barber 
Eleaument. 

SS. Jamea Wlb^on |1T42-J>S>. Sljfticr of the tHM^laratlon of TndGpf^ndeiice. by 
undetermiDed artist; from T. E. Mnutgomerj^ Cbn^ln EaJIa. Ohio* and brotlieni. 
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jea Scarlett, hy Janies Stoiiler. 

85. Mrs. Jolin JutiIhi, Jr., tiy J. Henry BfowiL 
8R Unknow'D Wotnnti, by untleierttilneil art bit, 

Ifog. B1 and 8S wpre acquired from Dr. Daniel B, Kirby, New York, 
N. Y., and Nos. 84, 85, and 86 were acquired from Dorsey Griffith, 
New Market, Md., through Ruel P. Tolman, Waslungton, D. C. 

STUDY COLLECTION 

A cameo glass vase, designed by Eiiiilo Gall€, France, 1SQ5, tho 
of Mr. nnd Mr^. Hugh J . Smith, Jr., was added to the study collection. 


loans accepted 

Twentv-two pieces of modern glass were lent by &fr, and Mrs. Hugh 
J. Smith, Jr., Scarsdale, N. Y,, na follows: 7 French, 1 Finnish, 1 
Dutch, 3 Swedish, and 4 American, on Koii*embeF SO, 19611 4 Swedish 
on December £7,1961, and 2 Swedish on March 17,1953. 

A jeweled collar of gold, designed with pcacock^feather motif, and 
executed by Mellerio, Paris, was lent by Natalie Clifford Barney and 
Laura Dreyfua-Bamey on June 13,1952. 


LOANS TO OTHER liIUSEUMS AND ORCANIZATIONS 

Two oils. At Nature's Minor, by Ralph A. Blakelock, and Moon- 
Imht, by Albert P, Ryder, were lent to the National Academy of 
I^ign,'to be included in the esbibition American Tradition, ISOO- 
1900; from December 2 to 23,1951. {Returned Jaiiuary 3, 1963 ) 
Three oils, A Gentlewoman, Upland Pasture, and Portrait of Wyatt 
Eaton, by J. Alden Weir, were lent to the American Academy of ^ 
and Letlera, for an exhibition during February nnd ilarch 1952. 

(Returned April 6,1952.) ,, , , , ■ , x 

Oil, At Nature's Min'or, by Ralph A- Blakelock, was lent to the 

Ainoricau Federation of Arts, for their traveling show, the American 

Tradition, 1800-1900, on February 12,1052. 

Oil Georgia Pines, by George limcss, was lent to The TVliite House 
on March 18, 1953, for a period not to exceed 4 years 

Three oils, Indian Summer, by John Francis M^phy, Spring, by 
Alexander H. Wyant; and Portrait of John Tyler, by G. P. A, Healy, 
were lent to the Bureau of the Budget on Mattli 18,1952, for a period 

'""Fi^e^s'fponrah'a of members of the National Acadei^' ^^i- 
T^uis Affaiaiz, by Walter Ingalls; Joseph Henry, by Walter 
IiigBlis* Spencer F. Baird, by Henry Ulke^ Charlca D. Wa^tt, by 

HaHirBnrtelte, i.nd Cli«rte G. AbW, by ^ 

were lent to the National Academy of Sciences on April 25, 1952, for 

a period of 4 years. 
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Two oils, ]>ortraits of Moj, Gen. Henry Tureman Allen and Maj, 
Gen. Robert Loo Bnllnrd, by Seym oar M. Stone, vi'ere lout to the De¬ 
partment of the Ainny on Alay 2.1, 1052, for a period not to exceed 
4 years. 

WITHDRAWALS BY OWNERS 

One pastel painting. The Tennessee Madonna, by James Boss Dry- 
son, lent by Mrs. B. S. Williams in 1031, was withdrawn by the owner 
on Xovember 23, 1951, and delivered to tlio National Shtino of the 
Immaculate Conception, Wasliington, D, C. 

Two panels of stainetl glass, Dante and Beatrice, designed and 
executed by William Wilkt, were witlidrnwn by the artist’s daughter, 
Mrs. Thomas IT. English, Atlanta, Ga., on March IT, 1952, 

Eighteen pieces of ceramics and one teak wood stand were with¬ 
drawn by Strs, H. Foster Bain and shipped to the Uniwrsity of 
Nevada, Reno, Nev., on June 16,1952. 

One oil painting, portrait of Sr. Benito Juarez, by Tom Lea, lent 
by the State Department in 1949, was returned to the Blair Leo House 
on June 16,1953. 


SMITHSONIAN LENDING COLLEOION 

Fifty-four paintings in oil, by Edwin Scott (1863-1929), were added 
to the Alice Pike Barney hfemorial Collection presented hist year to 
{he Sniitliscnrian Institution by Natalie Clifford Barney and Laura 
Dreyfus-Bamey, as the nucleus of a loan collection for the cmbellisb- 
mciit of FedernI building museums, libraries, colleges, and other 
educational institutions in this country. 

One oil painting, Early New Mexican Village (probably Iximitar), 
by an undetermined artist, transferred from the Bureau of American 
Ethnology, wusTcnt to the Museum of New Mexico Art Gallery, Santa 
Fe, through Senator Clinton P. Anderson, Regent of the Smith¬ 
sonian Imalitution, February 27,1952, for an indefinite period. 

Ten paintings by Alice Pike Barney (1860-1931) were lent to the 
Prairie View Agricultural and Mechanical College, Prairie View, 
Tex., on February 27, 1952, for a special exhibition. {Returned 
June 3, 1952.) 

Fourteen paintings (12 by Alice Pike Barney, 1 by E. Ray, and 1 
by A. Kinder) were lent to Leliigh University, Bethlehem, Pa., on 
June 16,1952, for special exhibition. 

Ono^oil painting, Small Port, Puerto Montt, by Arturo Pacheco 
Altamirano, the gift of the people of Chile to the United States 
through Senor Felix Nieto del Rio, tlie Chilean .=Vmbassador, after 
its initial exhibition of 5 months in the lobby of die Natural History 

Building, was lent to Lehigh University, June 23, 1952, for a period 
of flix monthSw 
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Eleven paintings by Alice Pike Barney were ]ent to the Dayton Art 
Institute, Dayton, Ohio, June 25,1052^ for a special exhibition. 

ALICE PIKE BARKER 5IEMQKIAL FUND 

An addition of ?i5,000 to the fund established m 1951 by Natalie 

Clifford Barney and Mi's. Laura Drey fus-Barney^ in memory of their 
mother^ for the purpose of encouraging the appreciation and creation 
of art in the United Staie% was received in January 1952. 

THE HENRY WARD RANGER FUND 

According to a provision in the Banger bequest that paintings pur^ 
chased by the Council of the National Academy of Design from the 
fund provided by tlie Henry Ward Banger bequest und assigned to 
American art mstitutions may be claimed during the 5-year period 
beginning 10 years after the deatli of Oie artist represented, two 
paintings, listed earlier in this report, were recalled and accepted by 
the Smithsonian Ait Commission at its meeting December 4,1&51, 

Tlie following paintings, purchased by the Council of the National 
Academy of Design in 1051, have been assigned as follows: 

Titim amd ArtUt 

ise. New lUiUraiKl Station^ hy Art Ajuseaiu, New Drltalo, Conn. 

Lonls Ei^ucOe, N* A. 

I2I, Tlie Citj—N ol S', by Haplianl Oldt^ Rrrnetme Mnssom of Fine Arts, 
Jnann. SjTaense+ N, V. 

laa Harbor, by Xavkr _Beattie Art iliusttun, Beattie. Wash, 

120. Four HonaeB, by Aabmlo J^lartinSp RandcInlt-MacoD CoIlL^eOp Lyneli- 
Nh a. burg, Vn. 

130. Nlgtic, by Albert J&bn Focel_^____ Musetun of Art, UuIvcrsKty ot 

Kansns, LawTenen, Ratio. 

131. Farlj^ bj WUliain A. Smithp A. N. A^_ Florida Sonibera College, Lakelnnd, 

FIh. 

132. Farm Ui Eiaaex, by Gifford BenJ^ N. A— t&aaG DetaudD Muaeom of Art, New 

Orleans^ La. 

laOi Nine men, by Joseph HlTBcb. —^ rallAS Art Ajtwladon^ Dallna Mu- 

setlm of FIDO Arts^ Dnllaa^ Tex, 
134. Rabbit iBlanil, Hawaii, by MlUard Lehigh Ua3rers£ty» Betblchcnt^ Fa. 
Sheets, N. A. 

I3h. BiactEinUh Shop, by John Alomso The Brick Store Museun]^ Kenue- 
WUIiani!», N. A. bnnt* Maine. 

136. diinmey Beams, by Andrew Wjeth, Ccucorea Gallery o£ Art, Washing- 
N. A. too, D. 0. 

REFERENCE UBRARY 

la all, 230 publications (15S 'volumes and 72 pampblets) were ac' 
cesaioned during the year; parts of pericNlicats were entered lu 
the periodical record, and 17 Toluiuea and 18 pamphlets (serials) 
were entered in the catalog. The total sections in the National 
Collection of Fine Arts librai^ now number 12,252. 
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On April 23, 1952, Anna Mooro Link, librarian sine© 1&42, t?as 
reassigned to dnty in the reference and circulation section of the 
Smithsonian Library. 

INFORMATEON SERVICE 

In addition to the many requests for infornmtion received by mail 
and telephone* inquiries made in pci'son at the oflico numbered 
Examination was made of STS works of ait submitted for identifica¬ 
tion. 

Members of the staff performed ntunerous services for local and 
iintiona] art or civic organizations by giving talks on various art 
subjects and by Judging current exhibitions of art and craft work, 

SPEOAL EXeiBmOKS 

Ten special exhibitions were held during the year: 

AuffKvi so Second Annual EiLibUlon oC 

Ceramie An Ly the Kiln CEuli of Wa^liingtOD, D. C„ conalatlog flf 145 plewa 
by loofti ceramic an<l 4D piews by outatjindliis artists la thin and otbor 

cfluntriGflp lent by tJie artista taemselveB or by enabaaalGfl nnd eoUectora. Dem&n- 
atratlonn of pattory-tuaklng mtlng the potter's wheel ware plvcn Eoveral times 
iiaeh week by elub tnembers. A cainloa was jjrSvntoly arlnted. 

ihrotiffh Ecptcfiiher The Fnurlh Annunl HibEbltloa fl£ 

^tptnra by the TVasbington SculpLurs Omup, coOBlellag of 21 pieces of acnlp- 
iLiire. Gallery talks eo sculptiinil methods ami tecbnlaucs were periodically 
ftirea by tiiembers of the firoap. 

November thrcuffh BS, JSSJ,—Tlio Eonrteeutli Aletrnpolitan State Art Con- 
ecstp held under the iinsi^lces of the District of ColiunblH Chapter, Amerlcnn 
Artists Frureaslennl Lea^e, Rji^iKteil by the Entre Nqua Club, caoslsliDg of 390 
paLaUD|{^, scalpturet prints, cernttilca, sod luetaknifL A catalDf was privately 
printed. 

Jnauorp JO throtiffh Fcbnaary et, An exhibition of Art snd Ma^c of 

Arnhem Landn Atistrnliap consisting of 212 ifpeclmeus obtained by the National 
GepgrapLk Society, StpUhsonian InstUutlon^ and Cemmunwealth of Australia 
Exi^edltlon In lOiA 

March 'J thtou^h £3. iSSf—The Sixtieth Annual Exhlhltlon of the Sodely 
of Washington Artista, constEttng of 30 puttitiiuE^s and 21 pieces of scnlptnre. A 
catalog waa prirately printed, 

ipn^ S throvffh Biennial Art Exhibition of the National Ijeagne 

of American Peti Women, cenaisflngof 2^ pain tings, seulptttre, prints, ccramlcsr 
and metnlcraft. A catalog wan privately printed* 

Ifaif 4 throaffh SO, i35£.—Tbe Nlnetcentb Annual EKhibltlon of tbo 5Unlature 
Falntera, Sculptors and Gravers Society of Wamhingten, I>. C., eonslsUng of 
200 exampTes. A catalog; was prlrately printed. 

Map iS throuph ^952.—The Fifty-fifth Annual Exhibition of the Washings 
ton Water Color ClubK eoni^lsttng of water colors, etchlugH, and drawings, 
A catalog was prlTslely prlntecL 

June 5 fS, EihStpltlon of FlnnlBh Arts and Crifts held under 

Ih# pstrociai^ of B\a Escolteticy, the FLnnhh Envoy lo Wsitlilngtonp Mlnktef 
JobAO Nykopp, and the FitiQlsh-Aiiierleati Society of Helsinki, ccneditlng of 
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208 paJnElnga, prints, Sculpture, ccrsnilcs, and rugB. A cstslog was prtvat^^ 
prfutet]. 

Jane S thr^ka^h Unilef th€ patronage, and eDncarrant Witt 

tlie nbov^f an exttbllbn gbowD of 30 portrait bust^ aad 0^re ^IpturOp 
by Kaieno Kamo, a WasEnfigton resident from FlolAEid, A catalog waa 
prSTCitely printed. 

Respectfully submitted. 

Thomas M. Begos^ Direct. 


Dh. a. Wetieore, 

M^fi^etaryj Smith^anian /nstiiniti&n. 


APPENDIX 4 


Report on the Freer Gallery of Art 

Sra: I hure tlie lionor to submit tbc Uiirty-second muiual report on 
the Freer Gallery of Art for the year ended -lune 30,1032, 

THE COLLECTIONS 

Additions to the collections by purcha^ were ns follows : 

5].IB. Chlneflei Bhang dynaaly (ca. B. G.). A c:i3re:moEija) vosacl of 

the type hn^ Design cost la liigb and low relloL Inaido Uio hasa Is cast 
a ooMbatacter Ineeriptloa. 0.3^6x 0.191. 

fll Je. ChlneBe, Bhang dynasly (ea. 1766-1122 B. A ccromoulol veaseH of the 
type ^swn, round TrStb widely fiariiis Up, bulgltig baityp sod high llaripg 
foot. Dccomt Lon east In high aad low n^iaf+ Two-character Inaciiptlon 
cost InaidB base. 0.366 x D.374. 

62, L Egyptian^ Copto-Arabic, A. D. 3ih-9th century^ InceTiFe burner In form 
of a afiuarc^ ^vo-domed etnicture resting on four feet^ with d jovr 
decoration and handle, 0-316 1 0,212 x 0.40S 

l|£TAI.WOaE 

SLS- PeTBian Cr*bftri6tAn)t Seljuk period, A. D. 11 th century. Silver cmidle- 
Btick decomted with repousse and engraved designs and Arabic inscrip^ 
tions In kHfl Boript. 0.371 x D.3T0. 

31.17. FerBloji (KhurasAn;, Betjuk period^ A. D. I2th ccnttiryi 1ate+ BiaSB candle¬ 
stick decofated with mpou^ and ctigmved designs^ also inlaid with 
silver, cop|iorp and pitchy D.403 x 0.477. (Illustrated.) 

pAiJrrisn 

52.2. Indian, Mughal, about A. D'. IGOO. A Mongol chieftain with attendaDta; 
color and gold on paper; Persian versa m orange paper border 

with gold animal and colored bird drawings; on TavetMi four navSa'H^ 
panels and border with tinted hgurcs. 0.123 x 0.265 over aU. 

63-7i Chines, Ming dynasty (A. D. 1363-1544)+ Scroll painting by Wang Fu 
dat^d In coneepondence with 15 June 1410. Bamboo* in ink on paper; 
43 HiUs and I inscription on painting, 32 eeala and U inBcriptloni on 
mounting. 0.261 x G.47D. 

POTTEIT 

5L9i Chinese, Ming dynasty {A^ 1365-1644)+ Jar of the type cAa-lau; white 

porteUin decomted with dragons and floral scrolls in undorglate blue. 
FcuT'chaiacter mark of thn Ch6ng-tA period (1$Q6-I52l) on base 
0.125x0.154. 
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SI.IOl Chin« 3 «p MfaK dynasty (A. D. l35Sr-16l4). Pair of dishes with pliilD 
51,H, flaring nms; wMtfi port^Laki decorated in yndetgliue bloo with ^*tho 
three friends” inside and garden ^eanca with figure outsider Sli- 
oharactor marks of the period (1465-1JS7) od both baw- 

0.043 1C n.20L 

Bl,12. CMneae, Ming dynasty (A. D* l36S-lfl4rVl, second haJf of the 15th century. 

Jar of the type Ciho^oa; wMto poreel^ decorated with fruiting and 
flQiv4]Tliif! bmoehes in uodcrgln^e bine, 0.103 s 0.149. (Hhiatmted.) 

51.13. CbJne^Cp Mhig dynaaty (A- D. 1308-1044)* I>I&h with foUato aides and 

flariixg riiTi; if hits porqclain decorated with 1 largo dragon Inside and 
10 small dmsoi's outside- Six-ehameter mark of the Hadan-t# period 
([425-1436) on base. 0.048 ic 0.213. 

51.14. ChUiccep Mhig dynasty {A. D. i 303-1044}, early IStb century. Bowl 

with plain straight rim; white porcclnin decomted in undec&laie blue 
wiih dowers and fruit inside and pfoiu dark petala outaldo. O.lOO x 
0 . 210 . 

51.15. ChmcBep Ming dynasty (A, B, 136S-l544)p I5th century. Tanlcard with 

bulbous borly^ 10-aidcHi ni^ck and attached handle; white porcelain deco¬ 
rated wuth Qomi scrolls in tindergla;ic blue^ 0,140 x 0.12S+ 

5t.l0. Chinese, Ming dynasty (A. D. 13OS-1044}. fitom cup with plain straight 
rim^ white porcehun decorated in undcrglaxc blue and ovorglazc fcu-cs'^ai 
enamels. Sljt-charsctur mark of the Ch'5ng-hua period (1405-14ST1 in 
horizontal line on base. O.OBO x 0.033. 

51 . 20 . ChlncsCi Sung dynasty (.A. D. 960 - 1279 ). Lung-^rh'Han tripod of the type 
tprci; gray porcelain wiLh oven, sca^greenp celadon glaze. 

0.104 X 0ri4D. 

52,3v Chinese, Ming dynaaty (A^ D, 13CS-1644}., Dish with plain Oftring rim; 

while porcclam dccorateti with dragons incised in the paste under a solid 
deep blue gla^C!. SixH[]haraeter mark of the ChJa-ching period (1522- 
1566} in underglwKo blue on bass. 0.045 x 0.250. 

52.4, Cfilncsc, Ming dynaaty (A, D. 1369-1644), second half of the 15th century. 

Bowl with plain, aUghtly fUriug rim; whits porcelain decorated with ^'^thc 
three friends” inside and landscape with hguros outsEde, olJ In underghiEe 
blue. 0.095x 0.204. 

52.5, CMucsCp Ming dynasty (A, D. 1368-1644) r early 15th century. Vase of 

the type mei-p^ing: white porcelain decorated with floral strolls in under- 
glaze cobalt biue. 0.248 x 0,152. 

62.6, Chjnesep hfing dynasty (A, D- 1363-1644). Bowl with plain rim and 

thick sMea^ white porcelain dacoratfid with undeiglaxn cobalt bluej 
inside plain, outfhle wFth six sprays of fruits and flow'sru; mx-eharsetor 
mark of the Hs0an-t6 period {1426-1435) in a fdogle horiMjntal Hue 
hslow the rim. 0.096 x 0.261* 

52,3. (Chinese, Sung dynasty (A. D. 960-1279)* Cup of southern kuan a-are 
with horizontal foliate flangs on one side above a small loop hnudlet 
oven, light gtaylah-b nown glaso with deep irregular sraeklo. 0.045 x 0.109 
over all. 

S2.0. Chiu&<^. Sung dyna-'iiy (A. D. 000-1279). Tea bowl of thm type wfth 
metal rim; coarae, dark rcddbbdjrown ataneware with thick, black gloxe 
closely fftreaked with iiilvcry iridescence, maty brown near rim. 0.0711 
D.124. 

53.10. Chinese. Han dynasty (267 B, C.-A. D. 220), Large jar with wide belly 
and small mouth of the hanJ, dark-gray ware cflUcd "proto-poroebio”; 
dMorated with incised designs under a Lldn, transparentp olive-green 
glttiQ, animal-mask handles add horizontal bands b rcEicfj remaina of 
mn inscription b rod on a geeBo-Iikc ground over the glaze. 0.329 x 0.3S2. 
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SCULPTURE 

51.21. Japanese, SuiliQ periodp A, D. 7th oi^oturyp middle}. GCt brocze figure of A 
fiodAfidllH Btanding Or a lotus pede$taL 0^538 x OJI^. 

REPAIRS TO THE COLLECTtON 

Cleani^ig aud i^oration of 12 ATneriean paizitiiig^a Avcre completed 
by John azid Richard Finkj son of Boston. 

CHANCES LX EXHIBITIONS 

Changes in exhibitions totaled l&S as follows: 


Atiiert^R art: 

m \ - - -,, -^—--^ £ 

art: 

FaLatInge, ____GO 

Eg^'Iitlaa art! 

PereTua art: 

lletalwork__ ________l'* 

tTeuetP-lEitnnilc art ; 

Metalwork_________ 1 


UBBARY 

Accefidon of bookSf pamphlets^ periodicals, rubbings^ and photo- 
graplis totaled 7T5 piecea; and additional study materials included 
1 stone implement and several hundred pottery shards. Cataloging 
of all kinds, mcludliig cards typed and filed, covered 4,638 items, while 
9 bibliographies were prepared in reply to letters and 140 bibliogi'apliic 
entries were made on Gallery folder slieets. A total of 56T items were 
bound, labeled, repaired, or mounted. The caid catalog was revised 
to facilitate reference to analytical material shelved m the Periodical 
Room^ Work on the indexing of both the English and Japanese 
editions of the Japanese periodical Eokka continued The establish¬ 
ment of tlie technical reseai^di laboratory wdth its specialized library 
and new field of subject headings and bibliography problems has 
increased and broadened the work of the library. 

PUBLICATIONS 

One publlcatjon of tlie Gallery was issued duriiig the year: 

TBle pogo and coo tents, Oocaoluiuil Fniiers, voL h 1051. {BmltbsaDSna Public*^ 
Uan4O40,> 
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Papers by staff members in outside publics tiona were as follows: 

ErnwoHAtrsEje. IticnAiiij: lislamk urt anii nrclmGoloBy. Ja Eaaterc 

CnJtore wad Society," edited liy T, Cuyler YonDg; ppi 17-4T. 

PrlneetoEi UttJTaralty I^esS, 1051* 

_, Tlae "'beTeled styie"* In iJie post-Samarra perl«L In "Ardaaeolo^lca 

OrlGQtalia ta MgdiotIbjii Etftist HerEfeSd," edited by tSeeree O. Miles ; pp. 
72^, pis. I^nast VaEey, 2^. Y.. Iil52. 

__, [CetitrlLBtDT 10 1 Bibliography of i?erSodlc:al irieratm on the Near aod 

Middlo m^MU vola. 10-21 The Middle East Jonraalp lS5l-^ 

-—.—, Ara laloralca-Ara OrlontliRs. Are Islamlca, volf, 15-10, pp* Ttl-vlii, 
1031. 

—-In memurlnui: Erast HentfeJtl* wltli Eupplcmentary bibhograpby. Ars 

Islajnlca. toIb. ItS^lB^ pp. 2fll-267. mi. 

_In meniorlam: Anaoda Eentlsli Cooniaraj&wamy. Are Islamlcap TOla, 

li&-m p. m HI51. 

-—. Jalamk metalwork In the Brtlisli Unfionm, by Dh Barrett (review). 

Ana lElamlca^ Vola. pp. 255-25T, 1051. 

GmuTfB, IL J.: Prlntiples In the conaervatSon of manil palntlnga^ In ^'Etiiidyg 
oa Arebaoolosical Methods/' oditiod by James B. OrUOn; pik S(S-T2. Uni- 
verBity of Michigan Frosa, lOfd. 

--—. The hlraeblng of PtEtlnoil ami dlseolohrcd pictures on pajM-r with eckliitm 

chloride and. chlorine dJoildc. Mitni'nin, voL 5p No. 2, 3052. 

l^oj'E, John A,: ArohaeoTogfcal roBcarch Ic lpdtK3hinB. toL 2: The district of 
Chln-Ch^D dnrlci; the Hnn ilyanaty. Description and compnralivo stndj of 
the dad-^, by OIot H. T. Jaaso (rcTletr). narrard JoUitLal of Astatic Sludlei. 
voh 11, No^^^. S, 4. pp. Bee, l&ol, 

Tlie Print^sBebof Miiseilni la Lecuwarden. Ardilvcfli of the Chfae^ Art 
Sodety of America, voh *h pp^ 2S-3Tp S pls.i 1051- 

-. A potter's portfolio, n uelectlon of fine pot^ by Bernard l>eacti {review}. 

New BepahUCp Apr. 21, 1052. 


hefroductions 


During the year the photographic laboratory made 4,W7 prints, 
506 glass negatives, and 144 lantern sUdes. 


BUILDINC 


The general condition of the building is good, both inside and 
out, and the maintenance and operation continue satisfactory; the 
mechanical equipment, though inadequate, continues in working order. 
A temporary painter again helped out with the most urgent work, 
but the lack of a full-time painter is reflected in the gradual deteriora¬ 
tion of the appearance of tlio exhibition galleries and other interior 
areaa 

The major project of the cabinet shop was the completion and fur¬ 
nishing of the technical research laboratory begun last year. Both 
conventional and special equipment was installed to provide the 
necessary plumbing, ventilating, liglit, and power rcquiicments; and 








52 ANNUAL REPORT fiUmiSOMlAN INaTIITPTION, 1053 

closet, bookcases, specimen cases, instrument cases, microscope table, 
and ezmuining table were built and installed to meet the speclBcations 
fit the associate in technical tesearch. 

Eight new exliibition cases are under construction, and miscella- 
ueous odd jobs in care of ofUce and Gallery equipment, orating, etc., 
continue as usual. 

ATTENDANCE 

Tlie Gallery was open to tlie public from t> to 4: SO every day except 
Cliristmas Day. The total number of visitors to come In tlie main 
entrance was 74,040. The highest montlily attendance was in August, 
10,714, and the lowest was in December, 2,507. There were 1,49S 
visitors to the ollice during the year. 

HERZFELD AJiailVE 

Mrs, Charlotte Bradford, sister of the late Ernst Herzfeld, pre- 
sented to the Her/feld Archive further manuscripts and notes pre¬ 
pared by Professor Herzfeld. The Herzfeld material continues to 
be used by experts in Near Eastern archeology throughout the world. 

STAFF AL’fJVITIF.S 

The work of the staff members has been devoted to the study of 
new accessions, of objects contemplated for purchase, and of objects 
submitted for examination, as well ns to individual research projects 
in tlie Helds represented by the collections of Chinese, Japanese, 
PotBiun, .\rabic, and Indian materials. Reports, oral or written, and 
exclusive of tbose made by the laboratory which are listed below, 
were made upon 4,3S5 objects as follows: belonging to private in¬ 
dividuals, 1,749; belonging to dealers, 485; ^longing to other 
museums, 2,151. In all, 654 photographs of objects were examined 
and 504 oriental language inscriptions were ti-nnslated for outside 
individuals and institutions. By request 10 groups totaling 357 per¬ 
sons met in the exhibition galleries for docent service by stuff mem¬ 
bers; and 8 groups totaling 24 persons were given docent service in 
the study-storage rooms. 

With the completion of the technical researcli laboratory and 
tho appointment of Rutherford J. Gettens as associate in technical 
research, a new phase of Gallery activity was inaugurated. Its 
purpose is to carry on a contimiing investigation of the methods 
and materials used by the artists and craftsmen in the ancient civili¬ 
zations represented by objects in the Gallery collections. The labora¬ 
tory waa ready for occupancy in March, and Mr. Gettens carried out 
the installation of new equipment and materials, including a largo 
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biEOcular microscope on extendabla arm, E chemiCi^l microscope^ a 
metalograpMc microscope Tvith vertical illuminator, and a photo- 
mierographic camera. Also included is a Tride selection of standard 
chenucal apparatus, reagents, and supplies, including ovens, fumacea, 
and equipment for glassworking and electrolysis. Eeferenco files, 
technical Dbrary^ and tlie collcetion of Epecimons of pigments, min¬ 
erals, polislied metals, and microscopic slide mounts were put in 
order. Certain research projects were uudeTtaken while the settle- 
meut was still in progress, and by the end of the fiscal year work tuid 
begun on the Gallery collections and 40 reports had been made on 
objects submitted for technical eixamination by outside individuals and 
institutions. 

Dr. EtttngliauBen continued his work abroad. Leaving Afghani¬ 
stan early in July, be spent 3 weeks in Pakistan and India and then 
retained to Iran for 5 weeks, during which time Mrs. Ettinghausen 
completed her pliotographic work on the Ardebil Chinese porcelams 
for llr. Pope's publication of the material he studied there in 1950. 
Continuing westwanl Dr, Ettinghausen spent 6 weeks in Turkey 
and 2 weeks each in Morocco and Spain, with shorter visita to Leba¬ 
non, Syria, Jordan, Greece, Tunisia, and Algeria on the way. He 
returned to the Gallery In December after an absence of 14 montlis 
during which he studied most of the important monninents of Islamic 
culture. 

By invitfition the following lectures were given outaide the Gallery 
by staff membera: 

jiffj 

June 23. Dr. Httlc^lifliison addres^d a from the prtsafl departmiLmt o£ 

the Aft^liaa Goiernmenl abd the Enbni MUBetiiD. Kabal^ Afshaols- 
tan, on "^MubUih Art In WcBtem Ejres/' AttendanM, 80. 

Ai±f. £2, Dr. KttSnidiaiispn oddreftsed the Iran-Ainerlcfi Society In the Cul- 
tural Center* Tehran^ oa "Per^an Miniature PfllutliiSft.** (lUna^ 
tmtedd Atteuiinneei TS, 

SepL 18, Dr, KttlPi^auusen. aa ebainnaa of the firat meeda^ of the eectloa 
‘‘General IbIbidIc Art^' addressed tlieXXIlLl Interantlonal Congress 
of Or3 CD tn lists (IsIbiiUc seetton) at lataiUm], Turkey, on ‘^Early 
Turkish Art from the Court of the Gha^aeTldsH" (lUnatiated.) 
Atteadaace. S5, 

Oct 4. fllr^ Pope uddimw^'d nieinhers of the ArL^ Club, WashtogtoD^ D. 0.+ 

OB '"Cbliiese rorcelaJii.” (lUnstratodJ Attendance, 75. 

N 0 V.I&. Mr. Stern addressed the wives of Ksemberg of the Oflken®" Clnlij 
Andrews Air Force Base. WaahluKton. D. C. on -A Burrey of 
Japanese Aft" (lUiLstratwi > Attendaoee* 18. 

IfU 

Jan. 17 ^ Dr. EttinirLinusen addressed moinberB of the Board of Hegeota at the 
aonufil dlaaert held at the Sjiilth&oaln.n InstltELtloD. on “Besearcb la 
Art of the Moslem World." (lUuitrated.) Attendance. 23. 
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Fet>4 4 Mr. G^tteas addressed menibers of tlie Co^mm Club on '^doide Ob&er' 
rflUons on tbc Psttna aod CoirosLon ProdDi^ts of Ancient 
(Illostnited.) AttnadoBce, W. 

Mar, 12^ Mr. Pope addressed tnembers of the Qnesters a£ lancheon to the 
Alta Clob^ WaBhlo^DDp D. C-i on Freer and His CoUectlons/' 
Attendance, SA 

Apr. l>r, Ettinebnnsen eddressed members of the Orloninl InffUtoto Lo 
Chicago on ^lElnmic Munnscrfpta and Mlniatiirse," UUastrated.) 
Attendance, 90. 

Apr. IT. Dr. ELtlngliauiR'D nildrosscd membera of tbe XTepartment of Near 
Enstom Studies, Unlvoraity of Mlcb||;an, Anti Arbotp Mich.* dei 
^ lalnnile Art; The Book.’* (lUostmted.) Attendance, 00. 

Apr. 21. Ofh EttlnghaoHen addr^^ised membora of the DepEirtinerLt of Near 
E&Bt^m Studies, Unlrersftj of Micblgan^ Ann Arbor. Mich., on 
^^iHlnmlc Art ^ The Mosone.” (IlJoatrAted.) Attendance^ SO- 

May 20. Mr. Stem addressed members of the Tnhoma Park WomeJi'a Glob on 
'^Stiirey of Jnpancse Art." (Illustrated.) Attendance, 2Sv 

May 2L Dr. Ettinghnuaen addressed membera and gnesis of the Middle East 
Institute and Oriental CInbp WaaMngton. D* G,r on travels In 
Afghaalstan and Indin (niofitrated.) Atteadaiicep ISO. 

May Dr^ Ettiughausen addressed member^} and gnesta of the Middle Hast 
Institute and OrientsL Club* Washington, D. C-p on ^'Travels In 
Afghanistan and India," (lUustrated.} Attends nce^ W. 

During the year five members of the staff made a total of 14 tripg 
outside of Washington oit oflicial business. 

Members of the staff held honorary posts and undertook additional 

duti^ outside the Gallery os follows: 

Mr, Weftley; Member, vJsUloir conimltt^, DumhsrtoD Oaks Besearch 

Library and CoUectlom 

Bcfsesrcb prcifposor of oriental nrtp University of MIchSKan. 

Tniotee, Hemiltage Foimdstlon, Norfolkt Vo. 

C^iilrniun of the Ionise Wallace Ssrkncy Echoliii^blp com^ 
mtttee of the American Oriental Society. 

Member, SmitlisoniDn Art CoiunilsalaD. 

Trustecp Textile ^Itl^um of the Diotrlct of CulninblflL 

Meiidwr of the Board of United Slates Civil Service 
Examined nt WoshEnftonp IX C.* for the SmlthoanEfin 
Institution. 

Mf* PoEits Prealdentp Far EsBtcm Cewnle CmujL 

Art edltatp Far Eo stern Qunrterly, 

Pfosldcfit, WELHhliiKton Socletyp Arehneologlcsl InsUtute of 
America. 

Member, two advisory seleeClon eommlttc^ for Falb right 
a^vards In fine arta and architecture, uoder the Conference 
Buard of AiKsodated Rcacarch Councils 

Served as one of the Judges fit the Se^>iid Anjjuni Exhibi¬ 
tion of Ceramic Artp KJIn Ciuh of Waablngton, U, a, held 
it the gmlthaooian Im^tltutlon, Natlotm] CollectJon of 
Fine Alta, on August 23* 
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Mllor ADJioWtetl Bwks and 

Middle East wilh Special Eniplmsia tta 
Modern Times; to be paimshed uader the auspices ei the 
American OouncU et Uamed ^letl» 

Member* edllorlal beard, lbs Art c 

T'riLKtM A m^rltrilO rWBSrcIl CfiHtGF Ifl HsyP 

Member. Comllato IntcnmaloDale di patre^lo. Museo 

tcrnaalonBle delle Oramlcbe, FaeUM, Ilaly. _ 

Cbairnwn, Perslaa and IbIbwIc «etlcu OhveQtj-s^ad lat^ 
Zioml Coagr«a of Orieutalhsts, Jataubul, Sept. 

UU..O ,’r'“'‘’"' 

Comcress ot OrlentulJets, lalaubu!, Ori- 

Member, editorial advlBCtj coimaHtee. Archueologlca Ori 

prk rniiA In Menioryiin liU'iifit . . e i 

Member, editorial advlaeiy committee, BtuOlea la Art and 
Uteratnrt In Honor of BeUe tiaCMia Oreeiie. 

Aiclate editor, atadleu In Consonatlou; 3“'^*'“'*^^ 

IDS publtahed far the Inlemallonal Instllutfi for the Cob 

seri^Btlon of MuBfiiini Otlects. 

Abstractor for CbemlcnJ AtBftnirls, Aiuorlcan Cbemtcal 


Mr, Oettens: 


Societ;, 

BespectiuUy Bubmitted. 


John A. Pope, Actijig Director, 


Dr. A. WErrsiOBB, 

Secretary^ Smithtonian InsUhition. 
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APPENDIX 5 


Report on tbe Bureau of American Ethnology 

Sm: I have the honor to submit the following report on the Seld 
lesearches, office work, and other operations of the Bureau of Ameri¬ 
can Ethnology during tlie fiscal year ended JunedO, 1952, conducted 
in accordance with the act of Congress of April 10,102$, ns amended 
August 22,1949, which provides for continuing '*indc[)eiidently or in 
cooperation anthropological researches among tbe American Indians 
and the nauves of lands under the iurisdiction or protection of the 
United States and the excavation and preservation of archeologic 
remains.’' 

Information was furnished during the year by mombers of the 
Bureau staff in reply to numei'ous inquiries concerning the American 
Indians, past and present, of both continents. Tlio increased number 
of requests from teachers of primary and secondary grades and from 
Scout organizations indicates a rapidly growing interest in tim Ameri¬ 
can Indian, Various specimens sent to the Bureau were identified 
and data on them furnisiied for tlieir owners. 

SYSTE5L4T1C RESEAKatES 

Dr. M, W. Stirling, Dii^ector of tho Bureau, devoted moat of his 
time during the fiscal year to administrative affairs and to the prep¬ 
aration of manuscript on previous field studies in Panama and 
southern Mexico. During tlie year tie prepared tliree reports for 
publication: “Stone Monuments of tho Rfo Chiquito, Mexico,” “The 
Use of Jade in Aboriginal America ” and “An Archeological Survey 
of Southern Veracruz, Tabasco, and Northern Campeche.” 

Dr. Frank H. II. Roberta, Jr., Associate Director of the Bureau 
and Director of the River Basin Surveys, devoted most of his time dur¬ 
ing tho year to tho management and direction of the River Basin Sur¬ 
veys. In August he went to Lincoln, Ncbr., to inspect the Missouri 
Basin headquarters. From Lincoln, accompanied by Paul L. Cooper, 
field director, he proceeded to the Fort Randall Reservoir area near 
Chamberlain, S. Dak., and visiited a number of archeological sites that 
were being excavated by field parties of the River Basin Surveys and 
also the excavations being conducted by the Kebroska State Historical 
Society. He also took part in n conference on local archeological 
problems lield at the field camp of tlic Univendty of Kiinsos party 
96 
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which WAS excavatLog ar iDdiaR village site as part of tha coopctativa 
program of the National Park Service. From the Fort Randall area 
he proceeded to the Oaho Reservoir area north of Pierre, S. Dak., 
where he visited two Biver Basin Surveys excavating parties. From 
Pierre he proceeded to Cody, Wyo., in company with Dr, Waldo R 
Wqdel, curator of archeology, United States National iluseum, to in¬ 
spect an archeological site on Sage Creek where remains of early man 
had been found. The purpose of that trip was to assist in planning 
a series of investigalions to be carried on there daring the field seawn 
of 1953 as a cooperative project between the Smithsonian Institution 
and Princeton University. Beturning to Pierre, Dr. Roberts held 
a number of conferences with staff members to discus the plans and 
operations of the salvage program in that area. During the fall and 
winter months he made several trips to the Missouri Basin headquar- 
te« at Lincoln. In March he went to Columbus, Ohio, and delivered 
a lecture on "Early Man in the New World” before the Ohio State 
Historical Society at the State museum. He returned to Columbus in 
May to attend the annual meeting of the Society for American Archae¬ 
ology and to take part in a symposium dealing with the curbon-U 
method for dating archeological remains. During the year Dr, 
Roberts completed two manuscripts: “River Basin Surveys; The 
First Five Years of the Inter-Agency Archeological and Paleonto¬ 
logical Salvage Program” and “The Carbon-14 Method of Age Deter¬ 
mination,” both of which were published in the 1951 Smithsonian 
Annual Report. During the year Dr, Roberts received the Viking 
Fund iledal and Award of the Wenner-Gren Foundation for Anthro¬ 
pological Research for his work in American archeology. 

Dr. Henry B. Collins, anthropologist, continued his research on the 
Eskimo and otlier Arctic activities. Tlirough arranipments with the 
National Museum of Canada, his assistant of 1950, IVilUam E. Taylor, 
returned to Cornwallis Island in the Canadian Arctic for further 
excavations. Mr. Tnylora collections, including Thule and Dorset 
culture materials, with notes and photographs, were received by Dr. 
Collins for inclusion in the final report on the Cornwallis Island work. 
Preliminary reportson the first two seasons' excavations on Cornwallis 
Island were published in the annual reports of the National Museum of 
Canada for Um fiscal years l949-n50 and 1050-51. A general article, 
“The Origin and Antiquity of the Eskimo,” sununariaing the present 
evidence of archeology, physical anthropology, and linguistics, was 
published in the 1950 Smithsonian Annual Report. A paper on the 
present status of the Dorset culture, with special emphasis on new 
evidence from Greenland and Alaska, which was presented at the 
December 1951 meeting of the American Association for the Advance¬ 
ment of Science, will be included in a volume on American archeology 
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being pubUshed by tlia IVeimer^Gren Foundation for Anthropologioal 
Besearch. At thB meeting of the Society for Ajiierican Arcliaeology 
in May Dr. Collins presented ti paper surmnariaing and evaluating 
the results of radiocarbon dating in the Arctic in the light of the arcbe- 
ological eviderjcCj and including an interpretation of the ancient 
Denbigh Flint Contplex of Alaska^ its Old World connections and ago, 
and its relationships to Folsom, Yuma, and Eskimo. Tho paper will 
appear in the January issue of American Antiquity. An article on 
the progress of anthropology in 1951 was prepared for the Encyclo- 
paeflia Britannica and another on the Races of Asia for the Ency- 
clopacdia Hebraica* He also edited Science in Alaska, a volume of 
selected papers presented at the First Alasksin Science Conference held 
in Washington in Xovember 1050 under the auspices of the Rational 
Academy of Scienoes-Nationnl Research Council. The volume was 
published by the Arctic Institute of North America and contains 
papers on Ahiskan anthropology^ agriculture, botany, geolo^ and 
geography, geophysics, meteorology, public healtli, and zoology* Dr. 
Cbllins continued to serve as chairman of the diluting committee 
supervising prcpanition of Arctic Bibliography, a compreliensive, an^ 
notated, and indexed bibliography of English and foreign-language 
publications in nil fields of science relating to tlie Arctic and sub-Arc¬ 
tic regions of America, Siberia, and Euro|>e. The bibliography is 
being assembled by the Arctic Institute of North America under con¬ 
tract with the OlHco of Naval Research with funds from the Depart¬ 
ments of tho Army and tlio Navy, and the Defense Research Board 
of Canada. At the end of the fiscal year material for a supplemental 
volume of about 000 jiages wag completed and ready for the printer. 
Proofreading continues on the initial six volumes of similar size now 
at the Govemment Printing OfSce. 

At llie beginning of tlio fiscal year Dr. John P, Harrington was 
in Mexico engaged in studying the Maya language. On his return 
to Wasliington lie completed the preparation of a grammar and dic¬ 
tionary of tlifi If ay a language, with the assbtance of a Maya informant, 
Domingo Canton Aguilar, w'hom he brought to Washington for that 
purpose. He also completed a monograph on the numeration sys¬ 
tem of the Valladolid Maya Indians of Yucatan. Another paper 
he completed during the fiscal year was on the first vocabulary of 
tlie Virginia Indiana, compiled by William Strachey in 1612. The 
original of this vocabulary is in tlie Bodleian Library at Oxford, 
England. 

At tlie beginning of the fiscal year and until after Labor Day, Dr. 
William N. Fenton was visiting professor of anthropology at the 
University of Michigan. During his stay in Ann Arbor he examined 
important historical papers relating to the political history of the 
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Sis Natioua, or Irotivioia, in the Willisitii L. Clementa Library of the 
University of Michigan. Returning to Wosiiington in September, 
Dr* Fenton resumed his research at the Bureau of American Ethnol* 
ogy* He organized and conducted the Seventh Conference on Iro¬ 
quois Research held at Red House, N. Y*, October 5-7, In November 
he participated in a symposium on the training of professional anOiro- 
pologists, wliidli Teas held on tlio occasion of the annual mcetiugB 
of the American Anthropological Association. Late in Novemtoc 
Dr. Fenton was called to the National Research Council to orpnize 
a national conference on disaster studies, in which ho participated 
on December 6. He resigned his position with the Bureau to accept 
an appointment ns executive secretary of the Division of Anthrcn 
pology and Psychology at tlie National Research Council and begun 
his duties on January 1, 1952. 

Dr. Philip Druckcr reported for duty as general anthropologist 
on January 3,1952, immediately following hia release to inactive duty 
by the United States Navy, On February 15 ho proceeded to Mexico 
D. F,, for n period of 6 weeks, which he spent studying the large 
offering of artifacts of jade and simitar malcrials excavated in 1941 
at Cerro de las Mesas by the National Geogrnphic-Smithsonian 
Distitution archeological project. This collection is housed in the 
National Museum of Me 2 dco. On his return to Wu^iugton he pre¬ 
pared a descriptive monograph on the collection, which was ready 
to be submitted to the Director of the Bureau at tlie end of 
the fiscal year. In addition, Dr. Drucker continued his studies of 
Meso-American archeology in general. 

RIVER BASIM SURVEYS 

(Report prep*nHl by F^bank U. H. Hoisehtb^ Jr.) 

The River Basin Surveys, organized in the autumn of 1945 as a unit 
of the Bureau of American Ethnology to carry into effect a memo¬ 
randum of utlderetandiiig between the Smitlisonian Institution and 
tlie National Park Service, continued its operations throughout the 
year. The memora.ndum provides for the salvage of archeological 
and paleontological materials that would otlienvise be lost as a result 
of numerous pjojects for flood control anil irrigation, liydreelectric 
installations, and navigation imjnovemcnts in the river basins of tlie 
United States. As in the jn^. the investigations were conducted in 
cooperation with the National Park Sen'ice and the Bureau of 
Reclamation of the Deparluicnt of tlie Interior, the Corps of Engi¬ 
neers of the Departineut of the Army, and a number of nongovern¬ 
mental local institutions. The operiitiims as a whole are calh-d tlie 
Inter-Agency Archeological ond Paleontological Salvage Program. 
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The work of the RiTcr Basin Surffeys in the past fiscal year was 
financed by u transfer of $156,403 to the Smithsonian Institution 
by the National Park Service. Of that amount was for 

investi^tions in the Missouri Basin and $35,020 was for all other 
areas where projects wore under way. ITie money comprising tiiose 
funds was derived in part from tJie Bureau of Reclamation and in 
part from tlie National Park Service. Carry-over of previous funds 
provided an additional $77,576 for the Missouri Basin and $35(1 for 
other areas. The total of all funds arailabk for the year was $234,329. 
Because of a delay in the passage of the appi'Opriaiion bill it wss 
necessary to suspend operations outside die Missouri Basin during 
July and August. 

Activities in the field consisted of reconnaissance or surveys for 
the purpose of locating archeological sitca and paleontological 
deposits that will be involved in construction work or are so situated 
tliat tliey will be flooded, and in tJie eacavatiou of sites observed and 
recorded by previous surveys. In contrast to former years there was 
greater einplrssis on exciivation. This was because of tlie fact that 
the survey parties were finally catching up with the over-all program 
and there were fewer proposed reservoir areas nccditig attention. 
Archeological suivcy parties viated 10 new reservoir basins located 
in fl States and a pulcontological party made preliminary investiga¬ 
tions at fi reservoirs in 3 States. In addition a number of reservoirs 
where previous preliminary surveys had been made were revisited 
for furtlier checking. At the end of the fiscal year eicavationa were 
completed or under way in 13 reservoir areas in 11 States. Tliere 
were 22 excavating parties in die field during the course of the year. 
Sis of the excavating projects were in areas where there had been no 
previous digging, but the remainder wore a continuation of investi¬ 
gations at reservoir projects where tlioro had been other operations. 
At the close of the fiscal yojir the total of the reservoir areas where 
archeological surveys had been made or excavations carried on since 
tbe start of the actual field work in the summer of 1D46 was 235 
located in 25 States. The survey parties have located and repotted 
3,t06 archeological sites, and of that number .578 have been recom¬ 
mended for excavation or limited testing. Preliminary appraisal 
reports w'era completed for all the reservoirs surveyed. Some, 
together with others finished near the end of the previous fiiKal 
year, wore mimeographed for limited distribution to tlie cooperating 
ogeacies. During the year 15 such reports were distributed, bring¬ 
ing to 149 the total issued since the start of the program, The 
discrepancy between the latter figure and the total number of reser¬ 
voirs is due to the fact that in some cases a series of reservoirs is 
included in a single report coveriiig u subbasin, while in others die 
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completed manuscripts had not yet been mimeographed at the close 
of file year* liscaTaticms made during the year brought the total 
for reservoir basins where snob work has been done to located in 
17 States, Reports on some of that work Iinve been published in 

various scientific jouruals, and such papers arts now in press 

as a Bulletin of the Bureau of Aiiierican Ethiiolo|0. The tMhnical 
reports on two other excavation projects have been huishcd^ 1 aleon- 
tological surveys have been made in 121 reservoir areas, S'® of them 
Ijeing those where nirheologieal work has al&o been donc^ Eventually 
the other 35 will be visited by nrchcological parties. The total of all 
reservoir basin^^ snrveyedt, Iticluding those where archeological work 
still remains to be dont, is 270. 

Ag of June 30, IS>52, the reservoir projects which had been surveyed 
for archeological remains wen> distributed by States ag follows: 
California, 20; Coloi^do, 24; Georgia, 4; Idaho, ll^ Illinoisj 2; 
Iowa, 3; lOfensag^ 7; Kentucky, 1: Loiiisianuj 1; Minnesota, 1^ Mon¬ 
tana, 15; Xebra^, 28; New Mexico, 1; North Dakota, 13; Ohio, 2 ; 
Oklahoma, 7; Oregon, 27; Fennel van i a, 2; South Dakota, [>; Tennes¬ 
see, 1; Texas, 10; Virginia, 2; Wasliington, 11; West Virginb, S; 
Wyomingj 21. Escavationg have been made or were being made in 
reservoir areas in: California, 5 ; Colorado, 1 ; Georgia, S; Kansas, I \ 
Montana, 1; Nebraska, 1; New Mexico, 1; North Dakota, 3; Okla¬ 
homa, 2; Oregon, 2; South Cartiiiiia, 1; Smith Dakota, 3; Texas, i ; 
Virginis, 1; Washington, 3; West Virginia, 1; \^'yonung, ± Hie 
foregoing figures refer only to the work of the River Basin Surveys or 
that which was done in direct cooperation with local iustitutiona. 
Projects carried on by local institution3 alone or in direct cooperation 
with the National Park Service me not included beemm complete 
information about them was not available. 

Throughout the year the River Basin Surveys continued to receive 
helpful cooperation from the National Park Semee^ the Bureau of 
Reclamation^ the Corps of Engineers, and numerous State and local 
institiitions. At a number of projects guides and transportation were 
fumiahed to staff members in the field. Teiuporary office and labora¬ 
tory space was provided at others, and on several Dccasiona labor and 
mechanical equipment were made available by the construction agency, 
^uch assistance speeded up the work of the field men and mado pos^ 
sible greater accomplishtnent than would otherwise have been the 
case. The National Park Service continued to servo as the liaison 
between the various agencies botli in Washington and Dirough its 
Several regional offices and provided the femithsonian Iiistitntion with 
ticcessary information about Uie locatioTis for proposed dams and 
raservoins and construction priorities. Furthermore, the National 
Park Service primarily was responsible for obtaining the funds which 


62 ANmFAL REPORT SMTHSONIAN IKSTITIJTIOK^ 

jiio.de the operntions possible. The progre^ of the program as o 
whole was greatly furthered by tlie enthusiastic lielp of Park Service 
peraonneh 

General direction and supervision of tlie work in California, Geor- 
and Virginia were from the main office in Washington, In the 
Columbia Basin tlie program was directed from a field office and 
laboratory at Eugene, Oreg,; that in the Missouri Basin was under 
the supeiTision of a field office and laboratory at Lincoln, Nebr-; and 
that in Texas was under a field office and laboratory at Austin. The 
materinbcollecte^l by the survey and excavating parties in those three 
areas were processed at the respective field laboratories. The collec¬ 
tions made in Georgia were processed at a laboratory in Athens. 

At tlie end of the fiscal year a change was made in the plan of 
operations for the Inter-Agency Salvage Program. The work of the 
River Basin Surveys was terminated in the Columbia Bcisin and Pacific 
coast ar^eas, in the Southwest including Texas, and in Georgia and 
otlier portions of the Southeast. With the beginuing of the new 
fiscal year the di reef ion and supervision of tho investigations in those 
areas were to bo under the National Park Service witli its respective 
regional offices in direct charge. At tlie close of tlie year arrange- 
ments were bring made to t ransfer certain of the River Basin Surveys’ 
personnel to the National Park Service and for the latter agency to 
lake over the various field Iie4idqiiurters+ 

—Tliroughout the fiscal year the main headquar¬ 
ters of the River Basin Surveys continued under tlie direction! of 
Dr. Frank H. H. Tvoberts, Jr. Carl F. Miller, Joseph K. Caldwell, and 
Eftl[>h S. Solecki, archeologists, were based on that office, Becau^ of 
Jack of funds for work outside the hfissouri Basin, however, Milter 
was assigned to tlie Missouri Biiain project during July, August, and 
Septcmljer, and Galdwell was on leave williout pay until Septem¬ 
ber 10,1952, Solocki was on leave of absence with an expedition to 
Iraq for most of the year, returning to duty with the surveys in May. 

ifr. Miller's activities in the ilissouri Basin are discussed in that 
section of tins report. During the fall and winter montlikS at the 
Washington office be completed his technical paper on the excavations 
he supervised at the Allatoona Reservoir in Georgia during an earlier 
fiscal year and processed specimens from sites which he dug at the 
John II. Kerr (formerly called Buggs Island) ReserToit the latter 
part of the previous fiscal year. In May he returned to the John IT* 
Kerr Reservoir area on the Roauoke River in southern Virginia and 
carried on test excavations at a number of sites, Tliat work was 
completed on Jime 30 and Mr. Miller returned to Washington, The 
gates of the dam were scheduled to be dosed early in July, and no 
Blither investigations are planned for that ai^a* 
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Early in August ilr. Caldwell received word that an im(»rtant 
site located a short distunce above the Clark Hill Bam on the Savan¬ 
nah River, Ga., would bo iimndated well in advance of the date 
originally indicated by the engineers. With funds provided by the 
Snntlisonian Listitution and the University of Georgia and with the 
help of the resident engineer of the Coriw of Engineers, ho started 
excavations on the 18Ui of the month and continued to dig nnlil he 
iiud his party were driven out by water at the end of October.^ When 
Federal funds became available in September the River Basin Sur¬ 
veys took over the Ihiancing of die project. During January and Feb¬ 
ruary Mr. Caldwell carried on test excavations at tlio remains of Fort 
Charlotte at the upper end of the Clark Hill Reservoir in South Caro¬ 
lina. Wliile at his headquarters at Athens^ Mr. Caldwell completed 
five preliminary refKii'ts and made considerable progress on tlie final 
technical report of his pait of Uio excavations at the Allatoona Reser¬ 
voir. The report on Fort Charlotte was mimoograpbed and ready 
for distribution nt tlio close of the fiscal year. An article on work 
completed a previous fiscal year, “The Booger Bottom :Mound: A 
Forsyth Period Site in Had County, Ga.,” waa published in Ameri¬ 
can Antiquity, volume 17, No, 4, April 1052, Mr. Caldweirs employ¬ 
ment by tlio River Basin Surveys weis terminated as of Juno JVO, 1052, 
bv hie tronsfer to tho National Park Service. 

Dr. Theodore E. White, geologist, divided his lime between the 
Wasliinglon office and the Missouri Basin, Ho spent the winter and 
enrly spring months in Washington cleaning, identifjdiig, and cata¬ 
loging specimens he had collected during the field season. He also 
identified four lots of mammal bones from archeological excavations 
along tho Columbia River, and four lots of hones from the Missouri 
Basin which were sent to Washington for that purpose. He com¬ 
pleted a maiiuEcript, “Prelimitiary Analysis of the Vertebrate Fossil 
Fauna of the Canyon Ferry Reservoir Area,” which wm accepted for 
piddication in the Proceedings of the United States National Museum, 
and two papers on observations on the butchering tecimiques at ob- 
original iieoples as indicated by the bones from the refuse deposits at 
archeological sites. One paper, “Preliminary Analysis of the Verte¬ 
brate Fossil Pamia of the Boysen Reservoir Area,” was published in 
the Proceedings of the United States National Museum, volume 102, 
No. 3296, Ai>ril 1952. Another, “Observations on the Butchering 
Teidmiquo of Some Aboriginal Peoples, I,” appeared in American 
Antiquity, volume IT, No. 4, April 1952. A third, “Suggestions ^for 
Facilitating Identification of Animal Bone from Archeological 
Sites,” was printed in the Plains Archeological Conference News 
Letter, volume 5, No, 1, May 1962. Tn May Dr, Wliito left Washing¬ 
ton to continue his field inve,‘rltgations In the Missouri Basin. 
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After his return to active duty Jlr. Solecki spent the time until 
June 30 workinf' on manuscripts and reports. He also made prepara- 
tioiis for fLfi aerial survey of certain reservoir areas in the Hlssonri 
Basin and was to piweed to the latter area at the beginning of the 
new fiscal year. 

Cdlifi^rniiL —Tiio only work in California durin" the fiscal year was 
at ilie Cachuma Reservoir on the Santa Ync^ River in Santa Barbara 
County, From April 23 to June 30 Albert D. Mohr, field assistant^ 
supervised excavations at two sites. At one of tlicm a cemetery be¬ 
longing to what is called the Hunting Culture, the middle stage of a 
three-culture sequence^ was dug, and in addition the remains of a house 
belonging to the same liorisson were uncovered. The latter are of par¬ 
ticular interest because only two such structures were known pre¬ 
viously and the one discovered this year has added considerable 
in fonnat ion with respect to construction methods. Opening of gra ves 
in tlie cemetery produced skeletal material useful in determining the 
physical chamclcristics of the people and also good data on burial 
customs. The other sito, also mumly a burial ground, belongs to a 
later horiswn probably attributable to the Chum ash. 

A report by Martin A, Baumhoff, held assistant the previous year, on 
the bivestigatioiis at the Cachuina Reservoir in late fiscal 1951 was 
completed early in June 1952 and the manuscript is now avail able for 
publication. A summary report on the r^ults of the excavations 
made at the Terminus Reservoir on the Knw^^h River in Tulare 
County was completed by Franklin Fcnenga, archeologist*, during the 
autumn months and was published in American Antiquity, volume IT, 
No. 4, April 1052^ 

As indicated in die preliminary section of this report, the River 
Basin Surveys will have no further projects in California, as the 
operations there are to be under tlie direction and supervision of the 
Begion Four office of the National Park Service. 

U&lumi>ia Banin, —l"ho field office at Eugene, Oreg., was closed from 
July 1 to September 10 becau^ of lack of funds, and during that 
period there were no activities in the region. After the office was 
reu|>ened and until the close of tlie fiscal year the operations lor the 
Columbia Basin were, as in the previous yeiir, under the superviaion 
of Joel L. Shi nor. Office and laboratory work during tho fall and 
winter montlis was nutinly concerned with tlie procesaing, study, and 
cataloging of materiaLs from the surveys and excavations of the pre¬ 
vious year* Most of the materials and data were from a habitation 
site in tlie McNary Reservoir area which had been buried beneath a 
thick mantle of volcanic ash which is e^ Imated to be several thousand 
ye^ra old. A oumniary report on the results of that exeavation was 
finished, mimeographed, and distributed to the operatbg agencies. 
Study of the materials from another site in Oie McNary area, a village 
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of late pretietoric tind early historic times, was also completed and a 
summary report tinished. The latter was mimeograpbed and dis¬ 
tributed in June. 

Late in October Mr* Shiner made a brief investigation at the site 
of The Dalles Dam on the Colurnhiiv and in March made an 

exhaustive survey of the area to be flooded. A brief preliminary re¬ 
port was issued after the first visit, whUe a second and more detailed 
one was written and mimeographed] following the investigations iti 
March. The survey showed that there were 10 sites and that 3 were 
wortliy of furtlier mveatigation. One of theta is a very large mound 
with strati tied deposits some 15 feet in depth- It one of tJie best 
opportunities along the Columbia River for obtaining evidence on the 
sequence of cultural development. This moundi the Wakemap, is in 
danger from two sources, flooding and looting by private collectors. 
The situation with respect to iiimutiioriaed digging was so critical that 
plans were being made to start excavations tliero shortly after the be¬ 
ginning of ttie new fiscal year* Two otJier sites in the area were tested 
later in the spring and one of tlieui proved to be much deeper and 
richer in artifacts than had been anticipated. One test pit, 5 feet 
square, yielded large numbers of flaked-stone tools and “fetish*^ stones 
and reached a depth of 13 feet- More er^teiided excavations at that 
location are indicated. 

From April 7 to 10 Mn Shiner carried on test excavations at three 
sites in the MeXary area. One of them consisted of an occupation 
level underlying the same layer of volcanic ash as that covering tlie 
site worked tlie previous year. The findings corrobanited those of 
the previous year and in addition the digging produced several new 
artifact types. At another it appeared that the Indians w-ho had 
occupied it moved in shortly after the fall of the ash. The interval 
represented by the ash layer will help to explain certain differences 
in tho Artifacts and provides a good basis for establishing relative 
dating in the district* Excavations at the third rite proved fniStlcss. 
The latter part of April Mr. Shiner moved his field party to the Albeni 
Falls Reservoir project on the Pend Oreille River in Idaho for the 
purpose of testing a number of sites in that basin. The occupational 
debris at the various locations was found to bo so shallow, however, 
that extensive digging was not warranted. Consequently the party 
spent several days making surface collections. A good series of 
specimens was obtained which will be useful in extending tho knovrn 
distribution of tjT>es* The data collected indicate that the area 
never had a permanent population. It uppai'ently was a place where 
various groups of Indians spent tJieir summers hunting, firiiing, and 
gathering food* 

After returning to tlie office Mr* Shiner devoted most of his time 
to processing the artifucte coDected In the field. Over 1,500 were 


06 AXNUAli REPORT SJnTHROKIAN INSTITDTION, 1952 

cleRited and cataloged, A report on the investigations at Albeni 
Falls was completed and one on the test digging at Tlio Dall« was 
practically finished by the end of the year. A collection of specimens 
from a previous yearns digging in tlie MeXary Scservoir 'was packed 
and shipped to WasKin^on. 

Four articles pertaining to the results of previous work in the 
Columbia Basin wo'e published in American Antiquity, volume 17, 
No. 4, April 1D52. They were: “'llie 1930 Excavations at Site 45BN6 
McNary Reservoir, Wash.,” by Joel L. Shiner; “Material Cultnra of 
an Tipper Coulee Bock-shelter,” by John E. Mills and Carolyn. 
Osborne; “Archeological Investigations in the Chief Joseph Re.ser- 
voir,” by Douglas Osborne;, Bobert Crabtree, and Alan Bryan; and 
“Aichcological Investigations in O’SulUvan Reservoir, Grant County, 
Wash.,” by Richard D, Daugherty. 

Ifr, Shiner’s afliliation witli the River Basin Surveys terminated on 
.Tune 30 by transfer to tlio National Park Service. Tlie River Basin 
Surveys office at Eugene was to be kept open, however, by the National 
Park Service, and Mr. Shiner was to be permitted to complete hie 
reports on the work he did for the Smitiisonian Institntion. The 
River Basin Surveys will have no further operations in that area. 

Georgia ,—^As in the case of the Columbia Basin, field work In the 
Georgia area was handicapped by the delay in obtaining funds and 
the limited amount of money available for the project. During the 
period from August 18 until the end of Octolier an emergency co¬ 
operative excavation project, as described in an earlier section of 
this report, was carried on at the l4ike Springs site on the Savannah 
River just above the Clark Hill Dam. A largo sample of archaic 
material representing a prepottary horizon called the Savannali River 
Focus of tho Stalling’s Island Culture was obtained there together 
with a small %rics of contemporary cmnia showing a population of 
both round- and long-headed individuals. The most important dis¬ 
covery at the site, however, was a new early culture deep below tiie 
archaic levels. This new nianifestation, which has been designated 
the Old Quartz Culture, showed an artifact assemblage similar to 
those winch had been found at a large number of open stations in 
Piedmont Georgia and South Carolina. I'liey have been regarded 
as probably early but could not be so proven until the discovery of 
die stratigraphy at l 4 ikB Springs. Unfortunntcly, the rising waters 
of tlie Clark Hill Reservoir flooded the excavation pits before ns 
much work had been done as was desired, but the results obtained 
are a definite contribution to the archeology of the region. 

In late Jaiuiary and February test excavations were carried on In 
the remains of Fort Charlotte at the upper end of the Clark Hill 
Reservoir in South Caiolinn. Although lociiterl in the letter State 


BtCKETARY'S BKPORT 


67 


the invesUgfltiona were considered as part of the over-al] Qeorgm 
project. The outline of tlie fort was traced ond a few* minor artU 
facts were recovered. The fort liad been a meaoniy structure erected 
in 1765 as a defense against the Creek and Cherokee Indiana who were 
prone to raid the Scotch-Irish, French Huguenot, and Gerrnan settle¬ 
ments in the Long Canes region of upper Carolina. Its seizure by 
patriot forces Jn 1775 was tiic first overt act of revolution iw the 
scut hem colonies. American possession of the fort throughout the 
struggle was of considerahle importance in holding the loyalties of 
the inhabitants of upper Carolina during the troubled timea that 
followed. The rcL'ent escavattons there give information about the 
physical nature of the fort and its location whicli was not available 
in documentary records. Underlj'ing the occupation level of the 
fort Were Indian materials indicating tliat the loestion had also been 
a place where the aborigines held forth. Pottery fragincuts suggest 
tliat the Creeks were the tribe involved. There is no question but 
what the Indian material is some years, possibly a good many, older 
than tlie fort and that tlis site was desertetl at the time it was chosen 
for the location of Fort Cliarlotte, 

Tliere will be no further work in Georgia under the diiiectiou and 
supervisions of the River Basin Surveys, unless there are further 
changes in present plans. As indicated earlier in this report Mr, Cald¬ 
well’s employment terminated on June 30 and he was transferred to 
the National Park Service. He wiD be permitted, however, to com¬ 
plete his technical reports on work done under tlie hmithsonian Insti¬ 
tution and the manuscripts will be turned over to the River Basin 
Surveys. 

Missowri The Mi^ouri Basin project as in previous years 

continued to operate from the field headquarters at Lincoln, Nebr. 
Paul Cooler served as director for the program in that area from 
July 1 until February 28 when, in uccordance with his I'eqnest to 
he relieved of administrative duties, Ralph D, Broivn took charge. 
Certain changes were made in the organization at that time and ill'. 
Brown was designated as chief of the Missouri Basin project,, the old 
title of field director being dropped. Mr. Cooper remained with the 
organization and was assigned to the position of consulting aroheolo- 
gi^. The trend toward more eicavation and less reconnaissance or 
survey work, started the previous year, continued and increased m 
fiscal 1952. This is attributable to the fact that much has been ac¬ 
complished in the survey portion of the program and tlicrc is less 
need for that kind of activity tliau in previous years. Furthermore, 
the avnliable funds were sufficient to provide for eitetisive eicavations. 
Ruring tiio course of the year the staff wus able to devote a greater 
proportion o-f its time to the study of data a nd specimens and In the 
preparation of technical reports. 
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During the year archeological surveys were conducted in five new 
rcscn'OJF areas of which three were in Wyoming^ one was in l^lontanSf 
and one in Nebraskfi-Sonth Dakota. Others where the preliminary 
reconnaissance had not been completed were revisited and a total of 
115 new sites was i^oided. In ttte L&51 field season archeolo^cid 
oxcavations wci'e made in four reservoir areas by seven different unite, 
liy the end of June 1052 there again were seven archeological excava¬ 
tion parties working in four reservoir areas^ three of tliem the same 
as in the previous year. Digging at tlie Keyhole Heserroir in Wyo¬ 
ming was cotnplcted in 1051 and excavations in the Jamestown Reser¬ 
voir in Nortli Dakota were started in 1052* The other three are 
Foil Randall and Oiiho in South Dakota^ and Garriaion in ^forth 
Dakota. During the year there were paleontological investigations 
in 12 reservoir areas. An archeological survey party was scheduled 
to start for tlso field in late June but because of an emergency was 
delayed and iti* depjvrtui'e 1 ‘eschednled for the first week in July^ 

At the Fort K and all Reservoir in South Dakota the 1951 excava¬ 
tions were nt an Indian site and at a historic trading-post site;. The 
Indian site is of particular interest because it represents three occupa¬ 
tional period-^ One was a fortified earth-lodge village, one an unfor¬ 
tified earth-lodge villagej and the third an occupational area under¬ 
lying both of the others. In the fortified area 7 earEh lodges, a smaller 
structure, 150 feet of stockade trench^ 11 cache pits, and 22 refuse 
areas were esjiosed and excavated p In tlie unfortified earth-lodga 
area, one circulur earth lodge, one cache pit, and four refuse pita were 
unearthed. In Mny 1952 excavations were resumed in the unfortified 
area and before the end of June had expcKScd 2 earth lodges, a refuse 
midden, niid 19 exterior pits. The date of the fortified village was 
E^arlier and the occupational ai™ beneath much older still. Comple¬ 
tion of tlie work at that location will provide an excellent sequence 
of mnteriala leading up to the development of fortified villages in 
that district. 

The historic work in tlie Fort Randall Reservoir in 1951 waa at the 
location of the Fort Ijookout trading post. The occupational level 
of the po^t was established. Charred beauis used in construction, 
sections of vertical posts still In place, and other architectural fea¬ 
tures were uncoveretl, along vvitli numerous specimcii& of trade goods. 
Two Indian occupational levels antedating the c^blishment of the 
trading post and the nearby fort were found beneath the ruins of 
the post. They arc of interest because they produced materials not 
previously known in that pail of South Dakota. In May 1952 historic 
investigations were resumed, but they were at the site of the Whetstone 
agency which was established for the Brule and Ogallala bands of 
Sioux from the Fort Laramie region by a treaty drawn in April 


SECrtETAKTS EEH>aT 


69 


18&S. By 1869 about IjOOO Indians wprss living there, and by 1870 the 
number bad increased to about One year later the Indians 

were moved to a now location but the agency buildings continued in 
use through the later ISTO's as a Htcambiat landing for supplies to bo 
conveyed overland to Indian agencies m tlve interior. Little is known 
about the physical characteristics of tbe agency or of the Indian 
camp, and digging there should provide interesting data to augment 
the documentitry records- By the end of June floor areas had been 
uncovered and cedar post butts in palisade trenchea were expos^ 
Work at that site is scheduled to coiitirme until it is completedj which 
probably will be at about the end of the current field Beason. 

In tlie Oahe Eeservoir area during the 1951 field season excavations 
were carried on at tivo Indian sites. One of them is located just 
below the dam in an area which wull ultimately be destroyed by con- 
strtiction activities^ while the other is several miles ujistream on the 
West bank just below the point where the Cheyenne River empties into 
the .Missouri. At the fii^t location, known as the Phillips Ranch site, 
5 earth lodges and 47 cache pits were uncovered, 2 trenches were dug 
ncitffis tbe fortification ditch which surroundeil the village, and the 
refuse-bearing overburden w^as stripped from approximately one- 
eighth of the village area. During the previous year 5 lodges and 
46 cache pits had been dug, so the total for the village was 10 houses 
and 96 cache pits. A large collection of specimens was obtained there, 
the most outstanding probably being a few small fraguieuts of coiled 
basketry. Tlie Utter is extremely rare in arcboologicftl sites in tlie 
Plains area. The data obtained from the site provided the basis for 
establisliing a previously unrejcognUe<l cultural complex for the dis¬ 
trict. It appears to date front tlie early part of tlio eighteenth cen¬ 
tury and nlnujst certainly represents the protohistorio Arlkara 
occupation of the area, Bxcavatious at tlio Phillips Ranch site have 
been completed. 

The other site, known as the Cheyenne River village, was only par¬ 
tially dug and will be completed at a Uter date. Tlie work there 
consisted of the excavation and mapping of four house sites (a fiftli 
was nearly finishe<l when heavy storms flooded it so badly that it bad 
to be abandoned) and the digging of cache pits. Cultuful materiats 
from house sites and cache pits were recovered in large quantities 
and preliminary studies indicate that they will provide much new 
inforumtion about the arts and industries of their m[Lkcrs. 

Tim 1952 excavations in the Oahe Reservoir were started at new 
sites. One of them, which had been partly destroyed by construction 
activities, is on the east bank of the ^Missouri River opposite the 
Phillips Enrich she, while the other, w hich represents a large village, 
is located not far downstream from die Cheyenne River village. 
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Work h»d nnt progrefseJ Aiilficienlly at either location by the end of 
the fiscal year to indicate "what results might be expected. 

At the Garrison Reservoir in North Dakota two excavating iJarties 
spent the 1951 field season digj^ng in Indian and histone sites. At 
one Indian village location the itmains of fl clrciilar honses, 4 aweat 
lodges, 48 cache pits, and numerous other miscellaneous features were 
uncovered. The artifact yield was good, including uncommon stea¬ 
tite fragments from bowls made from that material. Tlie howls 
pmbably reached the area by trade from tho west. They may have 
come up the Collimbia and down the Missouri as that was a mam 
nboriginal trade route. During the 1950 field season at that locaticm 
five houses were excavated and the palisade and moat were trace 
The combined data for the two seasons give a satisfactory story of the 
village and its material culture. Tim village ivas reputedly occupied in 
tliB late eighteenth century by the Hidatsa Indians and is particularly 
interring because it piesuniably was the most northerly of the forti¬ 
fied oartli-lodgo communities belonging to tlie period preceding the 
replacement of aboriginRl material culture by trade goods obtemed 
from the white man. The other site investigated liad also been a 
fortified village. Five houses and parts of a sixth were excayntod 
there, and a ceremonial structure 72 feet in diameter, a large village 
-mteway, and several other features were found. Cross sections were 
teken of the siii roitiiding defensive ditch. This site, believed to have 
been occupied chiefly by the Arikara Indians, produced rektively 
few artifacts but it throws valuable light on tlie architecture and 
commnnitv plan of tlie period. In June 1952 an excavating party 
proceeded*to the Night Walker'a Butte to begin digging the remains 
of one of the few kiiowTi Indian villages located on top of a Lutte. 

Tho historic-sites party spent the period from July 1 to October 7, 
1951, in the excavation of Fort Stevenson, a mile above tho Garrison 
Reservoir dam site. Tlie fouudationB of five of the more important 
military buildings and of several minor ones were traced and a con¬ 
siderable quantity of materials was obtained. Fort Stevensou was a 
typical Missouri River flintier post and was built to keep tho river 
open for navigation and to protect tho Fort Bert hold Indians from the 
Sioux. In addition the post served as one of the main points on tlie 
overland mail route which ran from St. Paul to Montana, Although 
the fort was started in 1867 and was completed late in iBliS and there 
are considerable documentary data about it, useful new information 
pertinent to the actual character of the post and certain Indian rela¬ 
tionships was obtained during the couree of the work. Before stop¬ 
ping for the season the Fort Stevenson party made tests in a trading- 
post site at the mouth of the Wliite Earth River and obtained some 
trails gootk. The historic-siteg party returned to the Garrison area 
in June 1952 and began work at a site in the Fort Ben hold district, 
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From July 1 to Scpt<tmber 25,1051, sis key sites were escavitted in 
the Keyhole Eeservoir on the Belle Fourche River in C^k County, 
Wyo. The eicnvated sites itichide one large protohistoric camp with 
Ijottery remains, three prehistoric wimp sites, and two stratified ™k 
shelters. Tlia lowest levels in both rock shelters arc manifestations 
of a new carly-man complex. Tlie data indicate that die aboriginal 
occupa tion of the Keyhole area may have started about 5,000 years ago. 
Much more recent materials were found in tlio upper levels and in a 
few cases tlierc were potsherds from vessels of the so-called Woodland 
types. The latter are significant because they extend considerably 
westward the known range of that kind of Indian pottery. The in- 
vestigations at tlie Keyhole Reservoir have been completed. 

The Jamestown Reservoir on the river of tho same name in North 
Dakota was listed for investigation for the first time since the start 
of the program. A survey party was supposed to make a rcconimis- 
sanw there In the fal] of 1051 but because of bad weather was unable 
to do so. As a consequenca a combined survey end excavating party 
went there in May 1052. After E weeks’ preliminary examination of 
the RICA and 18 sites had been located, excavations were started in a 
mound 75 feet in diameter and 10 feet in height located on a bluff, 
tind in some house remains on the iHittom lands. The mounds in that 
portion of North Dakota show considerable similarity to those iti 
northern Minnesota and southern Manitoba and all probably belong 
to the ^me cultural complex. The actual people involved have not. 
liocn identified as yet, and ns little is known about the character of 
the remains the results of tho investigations there should add mate¬ 
rially to knowledge about the Indians. Tlie work there hadi not 
progressed sufficiently by Juno 30 to permit a statement nhout the 
findings 

During the 1051 field season the paleontological party visited and 
collected in five reservoir areas, two in Montana, one in North Dakota, 
and two in South Dakota. In exploring the Oligocene and Miocene 
deposits in the Canyon Ferry Reservoir basin in Montana the party 
added two genera of small mammals to the known fauna of the Oligo- 
ceno and six genera of those of the Miocene. T^'liile the sediments of 
the Montana group of the the Upiier Cretaceous were being studied 
near the dam for the Oahe Reservoir, S, Dak., the first nearly complete 
skeleton of one of the pygmy species of mosasaur, genus 
ever obtained was found. The 1052 field season’s work started with 
a preliminary' reconnaissance of the Tuttle Creek and Lovewell Reser¬ 
voir basins in the Kansas River drainage, Kansas, and was followed 
by surveys of three reservoir areas in the PIstte Drainage. Tliey 
were the Narrows in Colorado, and the Asiiton and Trenton in 
Nebraska. Preliminary prospecting was also carried on at the Gavins 
oaeasa—so— 
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Point Reservoir on tlie Missouri River in Nebraska and South DnkotAi 
The first of June found Uie parly at the Keyhole R^rvoir in Wyo¬ 
ming esploring Cretaceous sedimenta and the latest report is that 
most of the skeleton of a small plesiosaur wag found in the New¬ 
castle member of the Grtinerose shale, the first record of vertebrate 
remains from that formation. On June 25 tho party mo^'ed to the 
Canyon Ferry Reservoir in Montana and was just starting work there 
at the end of the fiscal year, 

During the course of the year seven preiiminfiry appraisal reports 
were completed, mimeographed, and distributed to the cooperating 
agencies; four were completed and are ready for mimeographing; 
and two supplements to previous reports were finished and are await¬ 
ing mimeographing. Four short articles on specific subjects in Plains 
archeology were prepared by members of the staff and published 
in tlie PLiins Archeological Conference News letter. Two articles 
were published in American Antiquity and one rejwrt appeared in 
the Proceedings of the U, S, National Museum, One tcclinical report 
on excavations in the Oahe area was completed and the first drafts 
of those on tw^oothei's have been finished. 

The laboratory at Lincoln processed 87,035 specimens from 170 
sites in 18 reservoir nreas and 2 sites not in reservoir areas, T-he 
work in the laboratory also iiicliidetl: relies copies of record sheets, 
Si,444; contact prints mndo, 8,826; negatives, 2,036; enlargements, 
1,326; specimens drawn for ) bust rations, 872; color transparencies 
catalogeil, 321; drawings, tracings, maps made, 112. 

Robert B. Cumming, Jr., archeologist, was in charge of the survey 
and excavation of aboriginal archeological sites at the Fort R.'iiulall 
Reservoir in South Dakota from July 1 to November 6 and from 
May 19 to the end of the fiscal year, During the winter months at 
the Lincoln headquarters Mr. Cumming worked on the technical re- 
port on the Oldham site, the scene of most of his activities during the 
1951 summer field season. 

Paul L. Cooper, archeologist, served as field director for the Mis¬ 
souri Basin activities during the period from July I to February 28. 
On the latter dale he became consulting areheologist for the project. 
During the spring mouths ^Ir, Cooper devoted considerable time to 
discussing the project with Mr. Brenvn, the new chief, and in con¬ 
sultation with other members of the staJT on archeological procedures 
in the laboratory, He completed a report of progress for the period 
from the beginning of the project in 1946 through April 1952 for 
the Interior Missouri Basin Field Committee. He also worked on 
a more detailed report covering the calendar years 1050 and 1D51. He 
met with the Interior Mis.souri Basin Field Committee at its April 
session where he evaluated the progress made to that date by the 
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River Bnsin Surveys o^ the Smithsonian Institution and took part in 
a discussion of the future needs of the salvage program. Mr. Cooper 
served as tlte chairman of the Ninth Conference for Plains Arclie- 
ology, which met at Lincoln in April, On Juno 0 he left Lincoln 
for the Oahe Reservoir in South Dakota and at the end of the fi-scal 
year was directing a party excavating aboriginal sites along the Mis¬ 
souri below the mouth of tlie Cheyenne ^ver. 

Franklin Fenenga, archeologist, was in charge of a reconnaissance 
party from the beginning of the fiscal year until September when he 
returned to the Lincoln office. During the field season his party 
visited X5 proposed reservoir areas. Probably the most interesting 
part of the season was that devoted to a boat trip down the Bighorn 
River Canyon in Wyoining-Moutana to examine the area of the pr^ 
posed yellowtail Reservoir, On June 8 he went to the Oahe Reservoir 
and started a series of excavations near the dam site a few miles above 
Pierre, S, Dak. Those activities were well under way by June 30. 
During the montlis spent at the headquarters In Lincoln Mr, Fenenga 
prepared preliminary appraisal reports for seven reservoir projects. 
He presented two papers before the Ninth Conference for Plains 
Archeology, and served as editor of the News Letter for that confer¬ 
ence. Hr was reelected to that oflice for the year 1&52-53. He also read 
a paper before tlie 62d annual meeting of the Nebraska Academy of 
Sciences. During the 1052 meeting of tiie Academy be served as acting 
clialrman of the anthropological section and was elected Us chairman 
for 1953. Mr. Fenenga had two papers published during the year: 
‘The Archeology of Slick Rock Village, Tulare County, California,'' 
American Antiquity, volume 17, Nn. 4, April 1922, and “Tbo Wabino, 
a One-time Rival of the Midewiwin,” Proceedings of the Nebraska 
Academy of Sciences, G2d A iimtal Meeting, 1952. 

Donald D. Hartle, archeologist, w’as in charge of an escovating 
party at tlie Rock Village site in the Garrison Reservoir area of North 
Dakota from July 1 to August 20. From August 20 to October 27 
he directed tlie excavations at the Star site in the same reservoir basin. 
The latter part of October, In collaborntion witli James H, Howard of 
the North Dakota State Historical Society, he recorded 12 Indian 
songs, including several of those known as “Custer” songs. Two 
Ankara Indians, Jonie Fox and Davis Paint, did the singing for 
Hartle and Howard. From November I to June 1, Hartle spent his 
time at the Lincoln headquarters studying his materials from the Rock 
Village and preparing a technical report on the results of his investi¬ 
gations. Further work was contemplated at Rook Village and the 
manuscript could not bo finished until that was done. Hartle left 
Lincoln on June 2 with a party to continue his studio at Rock Village 
and by the end of the month had completed the additional excavations. 
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Mr- Hartle presented h paper on the investigations at Bock Villa^ 
before the Ninth Conference for Plains Archeology at Lincoln in 
April. 

Donald J. Ldnner, ardieologisti conducted cscaTations froni July 1 
to September 10 at tlie Phillips Band) site in tlie Oahe Reswvoir near 
Pierre, S. Dak. Beturning to Lincoln from South Dakota Mr, 
Lehmer devoted tlie jieriod to December 31, witeri Itia appointnieut 
with the River Basin Surveys teiminuted, to completing a techmcal 
report on tlie results of two seasons’ work in the Oaiie area. This 
report, consisting of 250 manuscript pages, presents in detail die infoiv 
mat ion obtained from the Dodd and Phillips Bunch sites. Publica¬ 
tion of the report Is planned for tlie nest fiscal year. In addition Mr. 
Lehmer completed two shorter articles which were published in 
American Antiquity for April 1952, One was “The Port Pierre 
Branch, Central South Dakota.” The other was on an Oklalioma 
project and is referred to in a later section of tliis report. 

George Metcalf, field and laboratory assistant, worked with tlie 
Hartle party in tJie Garrison Itcservoir during July and August. In 
addition to taking an active part in the eicavations he made a series 
of surveys in the area and located a number of new sites. In Septem¬ 
ber he joined the Smitli party in the investigations at Fort Steveusou 
and in October participated in a recounaiBsance of the region adjacent 
to Fort Stevenson, During the winter moiitlis he checked the survey 
records and prepared a supplemental report on the archeological 

1- esourees of the Garrison Reservoir. He assisted in die analysis of 
artifacts from the Rock Village and collaborated in Uio preparation 
of the section of a technical report dealing with trade materials and 
pottery. In May Mr, Metcalf made a survey of the Big Sandy Reser¬ 
voir in the Eden Valley, western IVyoining. In June, during an 
emergency, he took charge of one of the parties in the Oahe area for a 

2- week period. On June 30 be was en route to join the party under 
G. H, Smith in the Garrison Keservoir, N, Dak. 

Carl F. Miller, archeologist, transferred to the Missouri Basin for 
the season, spent tlie latter part of July, August, and until September 
IS digging in a liistoriosite in the Fort Randall Reservoir near Cliani- 
berlain, S. Dak. When the excavations were completed Mr. Miller 
proceeded to Lincoln where he spent two weeks completing field records 
and other data. From Lincoln he returned to his base at the Wasliing- 
ton office where he finished hts report on tlie summer’s activities. 

John E. Mills joined the staff of the Missouri Basin project as 
an andieologist on April 10, 1953, During April atid May he ex¬ 
amined and studied all the records and artifacts pertaining to bistoric- 
aite researeli in the Fort Randall Reservoir area and in May made a 
brief survey trip through the reservoir basin with National Park 
Service representatives of Region Two to determine what historic 
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sites merited escavatioii. In early June he started e^cairations at 
the site of the Whetstone Agency and was continuing opemtions 
there at the end of the fiscal year, 

James M. Shippee, field and ]aboratoi 7 assistajit, spent the early 
part of July with the Wheeler party at the Keyhole ReserFoir in 
Wyoming. The last 2 weeks of the month he joined the Fcnenga 
party for the boat trip through the Bighorn Canyon. He returned 
Co the Keyhole area in August and remained with the Wheeler party 
until it returjied to Lint'oln in September* During the fall and win¬ 
ter months ho was occupied with various duties tit the field head¬ 
quarters. In March ho epoke before the Great Bend chapter of the 
Missouri Archeological Society and in May read a poper at the annual 
meeting of the Nebraska Academy of Sciences on salvage work at an 
archeological site destroyed by flood prevention work near Kansas 
City, Mo, 

G. H. Smithy archeologist, apent the period from July I to October 
1,1951, escaTating in the remains of Fort Stevenson* During that 
period five of the more important building sites were completely or 
largely excavated and there was some digging in a few lesser ones. 
In October Mr* Smith, accompanied by George Metcalf, made a recon¬ 
naissance in a previously iinsurveyed part of tlie Garrison Reservoir. 
Some fo3t excavations were made at that time at tiie supposed site of 
the fur-trading post of James Kipp* From October 2S to June 2, Mr. 
Smith was at the Lincoln headquarters where he prepared a report on 
the results of the Fort Stevenson investigations. The first draft was 
completed and referred to the Chief for review. In May Mr* Smith 
accompanied a party of National Park Service historians on a visit 
to hlatoric sites in the Gavins Point, Fort Randall, Oahe, and Garri- 
Bon Reservoirs, In June he returned to the Garri&on Re^rvoir and 
started exctivations at the supposed site of the original Fort Borthold, 
and at Fort Atkinson, ita successor, which is also known as Fort Bar¬ 
thold n* By June 30 a section of the site of the latter had been 
opened and considerable information was being obtained concerning 
the post and Indian trade in general. 

Dr* Waldo R* Wedeh cumtor of the division of archeology, U- S. 
National Museiimi was detailed to the River Basin Surveys for the field 
season of 1951* He directed excavationB at the Cheyenne River 
village site in the Oahe Reservoir area from Juno 21 to September 14. 
During the winter months at his regular station in Washington I>r. 
Wedel worked on the materials and data from the site. Aa there la 
considerable more digging to be done there, however, it will not be 
possible to write tha detailed technical report until that has been 
accomplished. 

Richard Page Wheeler, archeologist, spent the period from the start 
of the fiscal year through September 25 excavating at sites in the Key- 
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liolo Reservoir area in Crook County, Wyo. Returning to Lincoln, 
Wlieeler spent the autumn and winter months analyzing field data 
and preparing n number of reports. He published a paper, “A Note 
on the ‘McKean Lanceolate Point’ ” in the Plains Archeological Con^ 
ference Hews Letter, volume 4, No. 4, based on materiak from sites 
in the Keyhole Reservoir area. Ho presented a report on the Keyhole 
investigations before the Ninth Conference for Plains Archeology in 
April. Before starting for the field in June he completed two manu' 
scripts: ‘^Excavations and Survey in the Boysen Reservoir Area, Cen¬ 
tral "VTyoming” and “Plains Ceramic Analysis: A check-list of Fea¬ 
tures and Descriptive Terms.” From the middle of June until the 
end of the year Kir. B'heeler was in charge of a survey and excavation 
party at the Jamestown Ro.corvoirin North Dakota. 

Dr. Theodore E. Wliite, geologist, spent the period from July 1 
to 8 exploring the Qligocene and Miocene deposits In the Canyon 
Ferry Reservoir area in Montana. From July 10 to 21 he was at the 
Tiber Reservoir in the same State studi'ingthc Colorado group of the 
Upper Cretaceous. From July 22 to August 13 he examined the ex¬ 
posures of the Palcocene Fort Union formation on the south side of 
the Missouri River in the Garrison Reservoir in North Dakota. The 
period from August 15 to September 3 was spent exploring the sedi¬ 
ments of the Montana group of the Upper Cretaceous near the dam In 
the Oahe Reservoir area. He then moved on to the Fort Randall 
Reservoir and spent September 8 to 16 in the area near the dam. That 
completed Dr. White’s field investigations for the 1951 season. His 
activities during tlie winter months hare already been discussed in con¬ 
nection with the section on the Washington office. From May 16 to 21, 
1952, he made a preliminary survey of the Tuttle Creek and Lovewell 
Reservoirs in the Kans.'ts River drainage, tlie Narrows, Trenton and 
Ashton Reservoirs in the Platte drainage, and Gavins Point on the 
Missouri River. From June 2 to 25 Dr. White examined the Cre¬ 
taceous scdiment.s in the Keyhole Reservoir and then moved on to the 
Canyon Ferry Reservoir for further explorations in that lueu. 

field work was done in Oklahoma during tlie last 
fiscal year. The technical report on the excavations of the previous 
year at the Tenklller Ferry l^ervoir on the Illinois River, 15 miles 
south of Tahlequah, was completed by Donald J, Lelimer, The report, 
‘‘The Turkey Bluff Focus of the Pulton Aspect,” was published in 
American Antiquity, volume 17, No. 4, April 1052. No further work 
will be done in Oklahoma by the River Basin Surveys of the Smith¬ 
sonian Institution since it falls within one of the areas where the 
investigations will be under the direction and supervision of the 
National Park Service after July 1,1962. 

7'exmt.—The River Basin Surveys in Texas continued to operate 
from the beadquarteis at Austin. The office, which was closed tempo- 
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iiirily at th» begiimiug of the fiscal year because of lack of funds, pras 
i-eopeaed on September 10 and functioned until June 30,1932. Edward 
B. Jelks, acting field director, was in charge during that period. 

Field work in Texas consisted of surreys and excavations. Prelimi* 
nary surveys ond appraisals were made at the Colorado City Beservoir 
on tlie Colorado Kiver in Boi'den and Scurry Counties, at the Oak 
Creek Reservoir in the same drainage in Coke County, at the Paint 
Creek Beservoir on the Clear Fork of the Brazos River in Praskcll 
County, and at the Cooper Reservoir on the South Sulphur River in 
Delta County. A. total of 62 sites was found. In the Colorado City, 
Oak Creek, and Paint Creek areas none of them appeared to be of 
sufficient importance to warrant further investigations. At the Cooper 
Reservoir, however, are a number of small mounds and several village 
bites which give surface evidence of occupation by two cultural phases. 
Six of the sites Lave been recommended for excavation. 

Excavations were carried on in three sites at the Belton Beservoir 
on tlie Leon River in Coryell County. Some work had been done there 
in a previous year, but the current digging added much new in forma¬ 
tion. Artifacts from the Caddoan area to the east were found in asso¬ 
ciation w'ith material from Uie Central Texas and Edwards Plateau 
cultural aspccte. Analysis of the specimens makes it possible, by 
cross-dating, to place the Central Texas aspect in its proper place in 
Che relative chronology for Texas. 

In April, Kfay, and June ait excavatittg party investigated three 
sites at tlie Texarkiuta Reservoir on the Sulphur River in Cass and 
Bowie Counties. Adequate data were obtained to reconstruct tlie evd- 
tutul hiaioty of each. Twelve buriak were found at one of the sites, 
nine at another, and five at the third. The skeletal material will pro¬ 
vide good information on the physical charecteristice and possible 
relationslups of tlie people. liVlicn all the data from the excavations 
Lava been studied and the report is completed a gap in the knowledge 
of thot Texas-Arkansas ar ea will be filled. The results should have 
an important bearing on the problem of Caddoan influences in the 
eastern Texas region. 

Four survey rriiorts were completed for mimoogniphing during the 
year, A technical report, ‘^Archeological Excavations at the Belton 
Resenoir, Coryell County, Texas,” by Edward B. Jelks and E. O. 
Miller, has been completed and will be published this fall in the 
Bullet in of the Texas Archeological and Paleontological Society. A 
general paper, “The River Basin Sun*eys Archeological Salvage Pro¬ 
gram in Texas,” ivas prepared by Edward B. Jelks for the Texas 
Journal of Science. One technical report, completed tlie previous 
year, “The Hoggo Bridge Site and the Wylie Focus^” by Robert I». 
Stephenson, vvas ptiblisited in Americnn Antiquity, volume 17, No. 4, 
April 1952. 
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Tlie Ki ver Basil) Surreys will do no further work in Texas since that 
is one of the projects being taken over by tlic National Bark Service 
on July 1. Arraiigomcnte have been rnade, however, for the com¬ 
pletion of the reports on the investigations made under the direction 
and supervision of the River Basin Surveys and wlieti the manuscripts 
are received they will bo published in accordance with previous plans. 

Virgima ,—^^Vll the work in Virginia during the pest year was con¬ 
cerned with tlie John fl. Kerr Reservoir (formerly called Buggs 
Island) on the Roanoke River. During the period from itay 19 to 
June 30,1952, test excavations wore made in seven sites. One had been 
partially dug tlie previous year but a stratlgi'aphic test os a countcr- 
cbeck against tbe earlier results was deemed advisable. Data ob¬ 
tained during the current activities augment tliose from other seasons, 
miing in certain gaps and clarifying some obscure features. I'rom 
all tlie iiiforniatiDu now available a complete setjuence of cultural de¬ 
velopments from a relatively early prepotteiy stage to the lats pre- 
Colonial [>eriod can be described, No further work will be possible 
at the John 11. Kerr Reservoir as the gates of tlie dam will be closed 
in July and the various sites will soon be flooded. 

Sections of the technical reiwrt pertaining to sites that were exca¬ 
vated In previous years have been completed. The writing of the 
report on the current investigations aud the sununaiy and conclusions 
should be completed before tire end of the present calendar year. 

Future work itt Virginia depends upon tlie program of the Corps of 
Engineere. There arc preposed projects for tlie James and Shenan¬ 
doah Valleys and when they are authorized investigations will be 
needed in botli- Indications arc diat two small reservoirs in the upper 
James drainage may be started witliin the next year or two. 

Coopavting Various State and local institutions co¬ 

operated with the River Basin Surveys as iu previous years. The Uni¬ 
versity of Washington and State College of Washington coopereted 
in excavations in the Columbia Basin. Space for field offices and 
laboratories for units of tlm surveys was provided by the Universities 
of Nehrasku, Oregon, Texas, and Georgia. 

The pivigraiii developed by tlio National Park Service whereby 
various scientific agencies curried on salvage oiierations on the basis 
of agreements between those ogencies and the Service was continued 
Uiroughout the year. In some coses the agreements were signed iii 
the preceding year and in othere the work provided for did not start 
until after the dose of tlie fiscal year. However, during fiscal 1952 
such agreements were in force with tile University of California, Uni¬ 
versity of Washington, University of Oregon, State College of Wash¬ 
ington, Montana State University, University of hflssoiiri, University 
of South Dakota, Nebraska State Historical Society, University of 
Kansas, Univeimty of Wyoming, State Historical Society of North 
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Dakota^ University of NebraEka State Ifuseum^ University of Ne- 
bmgka Laiboi^tory of Anthropology^ Univei'sity of Oklahoma^ Uni- 
veraty of TexaSj the Museum of New iresico^^ and the University of 
Mississippi. 

INSTITUTK OF SOCIAL ANTHROPOLOGY 
CRojwrt prepared by Gi^bjeie M. Fosti:e) 

During the period under review one phase in the history of the In¬ 
stitute of Social Anthropology drew to a close, and a new one began* 
The Departriient of State informed the Smitlisonian Institution on 
September S8,1551, that it would tcmiinato its 9upi>ort on December 
31, 1&51. Following the abolition of the Inter-Deiiarlmontal Com¬ 
mittee on Scientific and Cultural Cooperation in 1949, under whose 
auspices the Institute of Social Anthropology whs established and its 
work carried out, tlie Institute was placed under tlie Division of Inter¬ 
national Exchange of Petrous. Since the Institute did not form an 
organic part of this prognim, the Department of Statens decision to 
terminate support w'as not entirely unforeseen. During the period 
July l-December 31, 1951, operations were financed wiUi a grant of 
$42,000 from Public Law 40S. 

For some time there had been a growing feeling on the part of the 
Institute personnel that the general factual knowledge it had accuniii' 
kted since 1044 should bo put to some practical use. TTierefore, in 
the spring of I&51 nuthropologieal analyses of health centers sponsored 
by the Institute of In ter-American Affairs and the Mitiisinea of 
Health in ifexico, Colombia, Peni, and Bras^nil were carried out* Tlie 
results of this investigation were made available in mimeographed 
form in July in a paper entitled “A Cross-Cultural Anthroirological 
Analysis of a Technical Aid Program,*’ which demonstrated to the 
satisfaction of the ITA A that the anthropological knowledge and tech¬ 
nical methods used by anthropologists would be useful in carrying 
out United States Government technical aid programs in Latin 
America* Accordingly, m a letter dnted September 28, 1951, Dr. 
Henry G. Bennett^ Administrator, Technical Cooperation Administra¬ 
tion, nsked the Institute of Social Anthropology to integrate its activ¬ 
ities with those of the IIAA, effective January 1, 195®^ In response 
to this request the IIAA made a grant of $45,705 to enable the ISA 
to continue its activities in all four countries, with the understanding 
that Smithsonian anthropologists would be available for program 
analyses of technical aid projects. 

Individual activities of staff members are described in the separate 
country sections. Tlio larged single enterprise consisted of participa¬ 
tion in a genettil survey of IT A A public-healfli programs in Latin 
America. During the spring of 1952 the IIAA decided to utilise 
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anthropologists on a permuiient basis and THinested that plans be 
tnado to IncorpoFato ISA personnel dirwtly into that oi^nization. 
This, of course, signaled tha termination of ISA activitioa as such. 
Accordingly, the Department of State i,yns requested to notify the 
Ministers of Foreign EGlations of the cooperating countries that the 
United States would make use of the efionpe clauses in its memoraiidtini 
agreements, bringing to a close ns of Juno 30 the agreements that have 
governed 1S.\ operations during past years. Late in June 1&52, the 
IIA A asked to extend its grant to the Stnitlisonian Institution for 
an additional 3 months, to give time for an orderly trailsfer of pereon- 
nel. An additional $15,725 was included in the amended gi-ant, which 
was to terminate September 30,195$. 

0[Mration3 during the period July 1, 1951, to June 30, 1959, were 

as follows: 

Washitiffton. —Dr, George M, Foster continued as Director of the In¬ 
stitute. In September he concluded arrangements with the United 
Stales Public Health Service and the IIAA w^liereby certain Institute 
of Social Anthropology staff members, as indicated Iwlow, would bo 
detailed for varying perioiis to participate in health-program aiialysea. 
He spent most of October in El Salvador ns a member of the team tliat 
was initiating this work, and gathered data from a country little 
known anthropologically. During Januar 7 and February 1952, he 
visited field pereonnel in Brasil, Per9, Colombia, and Mexico and 
pnrticijjEited in the licnlth survey in Chile. In May he went to Geneva, 
Switzerland, as an adviser on cultural problems to the American 
Delegation to the Fifth Assembly of the World Health Organization, 
In June he undertook the editorship of the full USPHS-1I.\A repoit 
on the Latin-American health survey. 

Early in Octolwr the Smithsonian Institution brought Dr. Julio 
Caro Baroja, director of the Muaeo dd Pueblo RHpafiol sn Madrid, 
to Washin^on for a 3 months’ stay. During this period he and Dr, 
Foster were engaged in the preliminary steps of writing a major mono¬ 
graph on Spanish ethnogpuphy, designed to make available Hispanic 
background data to make more intelligible tbo modem cultures of 
Hispanic America, Dr, Caro’s passage was taken care of by the 
Smithsonian Institution; his slay in the United States was made 
po^ble by a grant from the Wenner-Gren Foundation for Anthro¬ 
pological Research, 

Miss Lois Rorthcott, administrative assistant to the Director since 
1947, resigned to take a position with the Technical Cooperation Ad* 
ministration in Egypt, and her place was taken by Mrs, Virginia 
Clark, formerly with the Bureau of American Ethnology. 

Srttsil .—Both Dr. Donald F^erson and Dr. Knlervo Oberg contin¬ 
ued their teaching activities at the Rscola de Sociolqgia e Politico in 
Sao Paulo- Dr. Pierson, as in former years, served as dean of grad- 
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uata work, as oo-editor of the tjuarlerly Sociologia, and as editor of 
the book series Bibliotoca de Cieneifis Sotuaia* In addition^ he w 3 l 3 
occupied in developiiig long-range phm for an eiabor^te cultural 
research program in the Sao Frartciaco Valley, The stim of 500j000 
cnizeu-os was made available to tlic Rscola by the Brazilian Govern- 
inent to curry out this work, and Dr. Picnion was asked to plan and 
direct the research. In the spring of 1^52 he made several short trips 
to this urea to organize held teams and initiate work. The services of 
Dr, Oberg wore requested by the 11AA for analyses of some of their 
health and healtlL-education programs in Chonitij Minas Gei-ais^ dur¬ 
ing the monllis of July and August ID5L After concluding formal 
teaching obligations in December he again returned to Chofiiji, re- 
tnuining until April 1D52, His assigiunent in Sao Paulo being con- 
cludedn, Dr. Oberg was brought to IVaahingtoii in Jiiiie, preparatory 
to rcossignineut to Eio de Jituciro by the li.VA. Dr, Pierson elected 
not to transfer to the IIA A, and on June 30 j his connection 

with the ISA was severed^ 

Colombm ,—Charles Erasmus contiiiued his collaboration with tho 
Colombian Goverimicnt^s Institido Etnolngico in EogotA. In August 
he initiated a community analysis of the mestizo village of Tota in 
the Province of BoyacA. In this wwk he was aided by Dr* Silva 
C<?lis^ director of the anthropological museum in Sognmosa, and Sr, 
Silvio Yepes^ member of the staff of the Instituto Etnoldgico* In 
November he w as detailed to the United States Public Health Service 
ai\d sent to Ecuador where lie I'emained until January llhV2, In this 
capacity he participated with the health survey group which at that 
time was working in Ecuador, He w as detailed to the JI.:VA in May 
1^52, and sent to Haiti for fi weeks to participate, with a t^m of 
ci|>erts, in surveying the Artibouite Valley for planning of agricul¬ 
tural programs. 

Mexieo.~Dr, Isabel Kelly taught twoeourecs during the fall semeo- 
tor at ihc E^ueta Nneiomd de Antropologia, in Mexico City* During 
October she made a brief visit to El Salvador lo consult with the 
director of the Institute regartiing analyses of IIA A projects {see 
Washington), and to make comparative observations in that country. 
In November elie initiated additional research on health pi^blents in 
the Federal District, in which work she was assisted by students from 
the EscucIr XueionaL lliis research continued until March 1952, 
In May and June of that year Dr. Kelly carried out research In ap¬ 
plied anthropology in the village of Cadereytaj QiieT^taro, where the 
HA A desired information on the sociological effects of a new water- 
supply sj'stem. 

Dr. William Wonderly continued teaching octivitica through Au¬ 
gust, at which tinie ho asked to lie placed on leave status for the re¬ 
mainder of the year* In December tlie decision was made not to 
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contmue linguistic training fts a part of the Institute of Social Anthro¬ 
pology prognun, and he left the staff to accept a position at the Uni- 
Torsity of Oklalioina. 

Both Dra. Kelly and Wonderly repreaented the Smithsonian Insti¬ 
tution at the M(jxican Government’s “Round Table’' anthropologicsaJ 
coiifei^nce in Jakpai Veracruz, in August, 

Ozzie Simmons continued his teaching activities at the In¬ 
stitute do Estudi<^ Etnolugicos in Lima, and continued to direct 
researdi in the mestizo village of Luiiahuani in the Canete Valley 
south of Lima, In December Mr. Simmons was detaikd to the Uni ted 
States Public Health Sei'vice and sent to Chile to participate in the 
evaluation of IIAA health projects in that country. Tius work con¬ 
tinued until late January Mr. Simmons was brought to Wflflh* 

ingtoa in April 1952, following which he took leave to defend his 
dissertation at Haiward University, w'here he was awarded hia doc¬ 
torate, He returned to Lima in May to conclnde his study in the 
Lunahuand Valley. 

editoeial work mn pubucations 

Thetv were issued during the year one Annual Report, four Bulle¬ 
tins, and one Publication of the Institute of Social Anthropology, as 
listed below: 

Blxty-cIgaOi Ananal Report of tbe UareaB of Amerlcao EUiJXoltfgJt IfiSO-liKSL 
U + JO pp. imL 

Bulletin 14a Chippewa cLlId lUe and ita cuUuml bacltgronndp hj Sister 11, Inei 
Hilper. ilvH-204 pp.p 31 pla., 1 04?- 1^1- 
BalletlD 14T. Journal of ua e^pedHIoa to Uie Siauvnlsea Torres and tbe Upper 
In ISSnOp bj Hiaddeus A. CaU>ertiWiii, Edited by Jolm IVaECls 
McDermott. vlU + ltW pp„ 2 ffiopa. 1B52. 

BiUlottn 14S. Aropobo vLild life and ita CdUoral baeliffround, by Slater M, Inei 
HlJger. 3tv+253 pp^, 40 pla, 1 fig, 103S, 

BiLUetlD 143. Symptislniu oa local diversity In IrognoiB ern1tur& Edited by 
Willlfini N. Fentott. r + 1ST pp., 21 OgS, 1031, 

Ko. L IritradiiCtJon: TUe cozicepc of iociility and tbe protn-aui of ItiwinoS* 
r^^arcli^ by Vi'illinjia N. Feutoa* 

Na i Canceptfl ot land owneraUlp umouf tbe IroQualB and Llielr nelglibori, 
by George S. Snydermtn, 

No. 3; Locality as a ba&Lc factor in tlio dcrelopntent of IroqnoLa social 
etrticturc, by WlUJam N. FentoPr 

No. 4. Some psycbologiral determiiiatits of coltare ebange in an Irocuoiau 
coiamniiltyi by Aiitbony F. d Wallace. 

No. 5k The reHgton of Hanilsome lake; Iti orlEln and dovcIopmecL. by 
Merle H, Dcardorfif. 

No. 0, Local dlvcrally In Iroquois music and daace^ by Gertrude P. KnratJL 
No. T+ TLg FeAet of tbe Bead, or Gbost Dflhce at Sbr Natloiu BeservOt 
Canada, by Will lain N. Fenton and Gertrudo P* Kuratb. 

No. 8, Iroquota women, then and now, by Mnrtba Champion Randle. 
loBtttute of Social Aatbeopology PoblLcation No. 14_ The Indian caate of Peru, 
1795-1040. A populULloi] Study baaed upon lax records and census reporta. 
by George Kabler. vi+Tl pp., 2 plst* 1 flg.n 20 luape. 1952 l 
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The following publicatioD^ were in press at the close of the fiscal 
year: 

BuLEetla 14 Sl The Indlmi tribes of North Atnerl^, by Jchn R, Swantonp 
Bnllctlii 150, The modal pei^nalltj of the Tuacaroro indlaiiap ob repealed by 
the Horschach test, hj Anthony 0. Wallaefc 
BtilletJn lOL Anthropologlea] FaperSp Nos. 

No. 33. "Ot the Ciow Nation ” by EM win Thomiwon Deals. With hio- 
graphical etetch and footnotea by John O. Ewers. 

No, 34. The water Uly In Maya art: A complex of allescd Aalatlc oiU^d, 
by Eobcrt L. Rend#. 

No. 35, The Medicine Btiodlcs of the Florida BefUinole and the Green Com 
Dance, by Lonia Capron. 

No. 3d. Technlqne In the rntwic of the Aniertcan IndUOi by Fmncea 
Densmore. 

No. 37. The belief of the Indiana Id b connection between eodit and the 
silpema turalp by Frances DeoBmore. 

No. 33. Ahorlglnal flab poleonSt by Robert F. Helxer- 

No^ 30. Aboriginal na^li^tlon off the coast of Upper and Baja Caitfomlap 
by Roljert Hclr^r and WLLEJani Cl Maaseyp 

No. 40. ItiploratloD of the Adena Moitnd at NatriDoip W* Va,* by Ralpb 
3, BalecbL 

No. 41. The WIdiI Rlrer Bhofihont Sun Dancer by D. B. ^blmkln. 

No. 42, Cuirent trenda in the Wind UlTer Shoahone Bm Danee, by Fred 
Vofct 

Bnlleidii 152. Inde!^ to SehoolerafUs *^lndian Tribes of the United ^tatee,'^ ooin' 
piled by Fmpees 0. Mchela 

Bulletin 153. La Tenta, Tabasco: A study of Olmec ceramics and art, by Philip 
Dmcker. 

EnlJcEln ]54. RErcr BobIq Burreys Papers: Inter-Agency Archcolosical Sairage 
ProgranL Nos. l-d. 

N 04 1+ Prehistory and the MisonrL VaUey Derelopment Frogram: Bnm- 
ijmry report 00 the Mlaaoiirl Rlrer Baaln Arehcoloslml Burrey in 1048^ 
by Waldo B. Wedel. 

No. 2. Prehistory and the Ml^url Valley DeTclopment ProfiTazu: Snm- 
maty i^eport on the MLssonri River Hub Id Arcbeolcsical Borrey In liy^p 
by Waldo R. WedeL 

No. 31 The Woodmff Osmiary, a prehistoric battel site ia PtUlllpa Cotiaty» 
Kans.p by Marrla F^Klvett 

No. 4. The AddiCkB Dam site : 

L An archeological surrey of the Addicks Dam hasiDp Sootbeaat Texas 
by loe Beo Wheat. 

IL Indian Bkeletal remalDB from the Doerlng and Nobs sftee; Addldm 
Beserrolr, Texas, by Marshall T. Newman. 

No. 5. The Hodges site: 

I. Two rock ahcltera near Thcumcarf, N. Mex., by Herbert W, Dick. 

H. GeolDgy of the Hofigea rtten Quay C^nntyp N* Mei., by Sbeldon Jndson. 

No, d. The ilemhert moanda, Elbert Coanty* Ga.K by Josepb B. Caldw^ 

Appendix. List of River Basin Snrreys reports pubUsbed In other serlc*, 
BnRetln 155. Settlement patterns in the Vlrd Talley* Perflp by Gordon IL WlUey 
Hnlletln 150. The IrCKiUola Eogte Dance, an offshoot of the Cftlnmet UaneCp by 
William N. Fentonp with an analysis of the Iroquois ilsgle Dance and songs, 
by Gartmdc Prokosch Knrath. 
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[natltute of Soolsl AnthTopotcgy PobllflitioB No, IS. Tho Tajla ToloniC t Pan 1, 
Htatcrj, *nb«!*teace, abeltssr, and tettmologT, by Isabel Kelly mini AngeJ 

Pfl-lErlOr 

{jk^tUnt^ of Bodal AnilifopologT PtiblipAtlc® No. 15. ladJac tribes of Norths 
Mato Grosso, Dniill, bj Kftlarvo Oborg. With oppradlz bf aiarshalS New* 
man* eatltlcd "AoUiropoinetry of the Umotlnat Namblcuam, aad Inmie, 
wltb comlMirotiTe data itom otber DOrtbera Mato Gro«so trlbett^' 

Tnatltute of SoclAt AnthropoloCT PiibHcatton No, l^ennj CApttadam: A Oimte^ 

nialaii Indian by Sol Ttz. 

Publications distributed totaled 21,505, as compared with 22,377 
for the fiscal year 1051. 

ARCmVES 

Miss Mae W. Tucker, apchivist for the Bureau of American Eth¬ 
nology, retired at the end of February' 1S52 after nearly 37 years 
service "with the Institution. 

Notable additions to the collections during the fiscal year were the 
diaries of John K, Hillers, who accompauied Maj. J. W, Powell on 
his famous voyage through the Grand Canyon of the Colorado in 
1871 and 1872. Mr. Hillers, who becatae photographer for the ei- 
pedition, kept a full daily record of the espeditiou, which constitutes 
a most valuable addition to our knowledge of this famous adventure. 
The diaries were presented to the Bureau by MrSv J. K. Hillers of 
Washington, D. C., daughter-in-law of the author. 

Mrs. Alice Xorvell Hunt, of Washington, D. C., presented to the 
Bureau an interesting collection of early photojDrraplis of western In¬ 
dians collected by her father while an army officer in the West and 
Southwest Comprising photographs made by Baker and Johnston; 
Addison of Fort Sill, Oklahoma Territory; 0. S. Goff, Dickinson, 
N. Dak.; A. S. Goff, Fort Custer, Mont.; Chr. Bartlielmess, Fort 
Keogh, Mont.; and Chase Thorne, El Paso, the 40 prints, including 
a number of famous Indians, are all new to the collections, 

IVilViam H. Myer, of Washington, D. C., and Mrs. Annie Lee 
Myer Turner, of Carthage, Tenn., presented a book containing 76 
drawings by Indians of the Soutliern Plains. The book was acquired 
about the year 1880 by Capt. David N. McDonald and was latex 
purchased by W, E. Myer, father of the donors. 

Mrs. J. C. Cardell, of Lenoir, N. C., presented a Jlohawk dictionary 
of 973 pages wdlli French equivalents. It is in the dialect spoken at 
Lake of Two Mountains, Caughnawaga and St. Regis in the Province 
of Quebec, Canada, and is the work of Rev, J, A, Cuoc. It was 
obtained later by Jeremiah Curtain, father of the donor. 

Henry Lookout, of Pawhuska, Okie., son of tiie Into Fred Lookout, 
last principal chief of the Osage Nation, sent to the Bureau on 
indefinite loan a group of papers relating to the history of the Osage 
Nation, passed down from fatlier to son for generations. Among the 
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documents is a ti'caty of peace between the United States, the 
Is'ations, and the iVlissoun and Arkatisua Tribes, signed in 1815 at 
Portage dee Siou:s in what is now St. Charles County^ Mo, In addi¬ 
tion to the many Indian seails and signatures} it carries tlie Eignatui-es 
of William Clarky of Lewds and Clark expedition faniOj Ninian 
Edw^anls, governor of the Territory of Illinois, imd Angnste Chouteau^ 
principal figure of Uie early fur trade in tl^e West. Also indnded in 
the material from Mr. Lookout is a JefFeison medal of ISOI, made 
for [>resellt^l^^on to Indian leaders. These are extremely rare Buice 
tliey wereuaually buried with their rocipieut, 

COLLECTIONS 

Mota and ftnSsb€d faee of Francwi Den^iI^Io^e, mode hj ^fi^ka lu 1012: 
192S20. Comhask -eeremoalal Orand River IroquoLsi, QatarlCK^ Casacta^ 

probablj coUf^ctad by J, K+ B, Bewltt 
CrLruui^ti Dr, M, W, Stirling Cereniaaldl nad kJPTtorlcal waoipaiB of 
tbe Irmiueii; collected in by J. N. B. Hewitt at tbp £Lil ICatioiia 

Reserve, Ontario, Canada, 

11^2830, Sbell necklace itseil In tbe Tntelo adopt !»□ ceremtiny, etdlected in 1041 
by Wh N. Tcntoiu 

FROM niVETE 9A1IN SURYETS 

lOSiei. Skeletal uad ATvheoloi^mi tuuterlnl from iEtea UlchM nod Had, Baggs 
lEilnnd lilsBervolr^ Roanoke River, nenr ClarksvlIJep Va. 

101031. (TbFoiigb Dr. F. H- H, Buborts, Jr.) Yoftebnite material c^aUected by 
l:ir. Tbirodore E. White^ ^iay 19SL Oami-yttle tJlm Dam, north fork 
of Trinity River, Denton County, Tpi, 

lOtSST. vertebrate tuaterSal from Ollgoecne and Stl'icene defio^lta in the 

Chojou Ferry Reservoir area, MuRlami, collected by Dr. Theodore R 
White, Jylyiorjl. 

1020ia2. 5 fosail verietijrnteo Sncludltig mnnimnla, reptiteo, aod fishes, from 
<jarTison Resen^olr ai^a near WLLUatciii^ N* Dak., coLlceted by Dr, 
Theodore E. WhltOK Aumist 

192003^ 1 mosa^^iiir skeleton atid shark teeth from !-lcrre formation. Upper 
CrelacLSJUH, In Dahe Reservoir area near Pierre, S. Dak., c^iUiscted by 
Dr- Th^dore R Whiles AtiEtisi HKiL 
19S1U0. Tympanic bullne of kangaroo rat from near Pierre, 3. BdJl 
193^rj. (Throngb IL L, Btepbensen) Approximately 120 land mnliuaka from 
Texas. 

BespectfuHy submitted* 

M* W. STiRLisa} jPiiwfor. 

Dr. A. WirraroHJt, 

Secretary^ Sv%iths<ynian iTistituti&n. 


APPEmiX 6 


Report on the International Exchange Service 

Sut: 1 have the honor to submit the following report on the activities 
of tlie International Esdiange Serv'ica for the fiscal year ended 
June 30} lOoS; 

The Smithsonian Institution is the official United States agency 
for the exchange with other nations of governmental, scientihc} and 
literary publications. Tlie International Exchange Service, initiated 
by tlie Smithsonian Institution in the early years of its existence for 
the interchange of scientific publications between learned societies and 
individuals In the United States and those of foreign countries, serves 
as a means of developing and ex^udug m part the broad and compre¬ 
hensive objective, “tlie diffusion of knowledge.” It was later desig¬ 
nated by the United States Government as tlie agency for tliu 
transmission of official documents to selected deiiositories throughout 
the world, and it continues to execute the exchanges pursuant to con¬ 
ventions, treaties, and other international agreements. 

Although the number of packages received for transmission during 
tbe year decreased by D,33G to tlie yearly total of 1,001,614, the total 
weight of the packages increased by 33,854 pounds to the total of 
825,627 pounds. The average weight of the individual package 
increased to 13.18 ounces ss compared to the l2.46-onnc8 average for 
the fiscal year of 1951. The publications received from both the 
foreign and domestic sources for shipment are classified as shown in 
tlie following table: 
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The pnckagea of publicatiotiB are forwarded to the escbange bu¬ 
reaus of foreigu countries by freight, or where ehipment by auch 
means is impravticnl, to the addressees by direct mail. The number 
of boses shipped to the foreign excbange bureaus was 3,058, or 174 
more than for the previous year. Of these boxes 86T were for de¬ 
positories of full sets of United States Government documents, these 
publications being furnished in exchange for the oflicia] publications 
of foreign governments which are received for de[>osit in the Library 
of Congress. The number of packages forwarded by mail and by 
means other tlinn freight was S05,(i36. 

Iransportation rates continuo to increase and are primarily re¬ 
sponsible for the 148,014 pounds of publications that remained un¬ 
shipped at the end of the fiscal year. 

No shipmejits are being made to eitlier China or Rumania. Pub¬ 
lications intended for addre^es in Foimosa and formerly sent thi'ough 
the Chinese Excliapge Rureau at Nanking are now’ forwarded by 
direct rnaih 

FOREIGN DEPOSITORIES OF GOVEKfjMENTAL DOCUMENTS 

I he number of sets of United States oGicinI publications received 
by Uie Exchange Service for transmiasioii abro;ul in ratiim for the 
official publications sent by foreign governments for deposit in the 
Library of Congress is now 104 (ti2 full and 42 partial sets), listed 
below. Changes that occurred during the year are sliown in the 
footnotes, 

Ac^oNiTDiuEs or rtru. sxr$ 

AwiEaTiAA I DtvUfiOa lUblfoteca, Minlstorlo Uc RcCaclcacfi Extcrlorc^ 3^ GulLOi 
Bticuw Aires. 

AoBTHAJj*: Coiuriionweulih Parliament aail NaiJonnl Llfamrj, Cacberru. 

New StiuTu WAira: Public Library of New South Wales, Sydney. 

OcKcrrsuriD: Parliamentary Library, Briabnne. 

SouTJi Aun-BALu; Putttc library ol SodEIi Australia, Adclulilu. 

TAewAaiA: Parllatnentarr library, UobarL 

Vioroara ; J'ublle library of Victoria, blclbourne, 

WEBTias AuBTiALtA; i>nbUc Libre ry of Western Austral la. Penh. 

AiisratA: AdmEnlstmEEvc Library, PtiUcral CbancellL'Ty’, Vk>iiua. 
tiELomu; Dlbltetb^iie ICoyalc, BmxcUes. 

BoAiSj!,: BlbUotcca NaclDtuiJ, Hlo tic Janeiro. 

Bt'i.aABiA; BulsaFleD BltiLiugropblcal Tnatitnte, Sniln. 

ItvaAiA: Oovemmunt Httok Doput, BnotriKKi. 

CanjUUI : library of Parllaineut, Ottawa. 

Manitooa ■ Provincial Library, WLenltieg. 

OHTAato: LcglstnllTc Library, Toronto. 

OuxBze; Library of the LcfilsTature of Ibe Pruviuee of Quebec. 

CxTLD,^ t Departinebt of Information, Goveratneai of OeyluB, CoEoinbo, 

Omu; Blbljoteea Naciunnl, Suntlago. 

»seit3t)~9S— 
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China J MtnEfltr^ of Edutitlon, National Library, NasklcSp Ofilma.^ 

PKl?llcfl: Nftllanfll Library of PclplnE-' 

CaiiOMaiA : Biblloteoa Nadonnl, BoEoti, 

Co^A rticA: Blblloteca NaalonalK San Jo34. 

CunA: Mlutotorto do Eataao* Conje Inleruaclonat, Hubnitn, 

QzBCHOflLa^AElA I BlbUqUi^ue do l^Assemtilfe Natlonnlo, Praiaie. 

Dee^maas; Instltct Danpla f^baoEe^ iBternatloiiaiix, Copeoba^n. 

EoTPr: Bureon des FublicatSona, ftJIniHttre d^ FtDimcejip Cairo. 

Fl??lJV?(o: PnrllaiiipntnTy LSbrnr,v, HoJalokl. 

FRANCE! Blblloth^oo Nadoaale, Pftrlsi 

fjEaMANT: 013&?atltcbe WlBsenHscbrtftUctL* BIblothofe, BotUd. 

ParLEamDaCury LlbrarJi Bonn. 

Oh£AT BerTATN: 

KnoiATiUt BHtlAli Mus^nin, LoEidoa, 

London: Loodoa Sebool of Eloonoliiks and Political Science. (Depository 
of the L<indoii County CounqU.) 

HuNGAftY: Idbrary of ParllatBqnt^ Btidnpcat. 

Indca: Nattoiial Library, CaJeotta. 

Central Secretariat Library, New' DeHil. 

Inooncaia: Ministry for ForeLj§n AlEalra, Djakarta. 

Ireland! Notional Library of IrelnEd. DabUu. 

IfiRAPX! CevormnDnt Arcblres and Llbrnry, Haldrya. 

Italy: HlnlstcKo della Publtca lalruiione, Rome, 

Japan; NatioDoI Diet Librery, Tokyo’ 

M^ico: Becretarla do Relacioa-oo EYterlorcSf Deirartaiuerito dc loforiiiAeldnparu 

d 1 EKtrenJorOp ^t^iico^ D^ F, 

NRTBmANDH: Boyal Library, The Hagno, 

Z^ALAirn: GonerHl Assembly library, WelUngion, 

NOflWAY; UtonrlhsiiopDrtmDDtets Btbliotbc^, Oslo. 

Paeistan : Central Seeretniiat library, Knrocbl." 

PaiJ: Beccibn tie Propaganda y PubUcacione^ Mlnisterlo do RelDCiones S%- 
tedorea, lima. 

Fhitj^piKeo! BttreutJ of PtibRc Libraries, Department of Educationi Manila. 
Poland : Blbllotb^ne Naclonflle* War^iaw+ 
t'omwAL: Bjblloteca Nadannlt Lisbon. 

SPAIN: Biblioteca Nad anal, ^[ddrld. 

SwEsoTi Kongllga BibUotebet, StDckboIui. 

SwjTxEMANn: nibLEotbbqoe CenLrale F4d^rale^ Beme. 

Turkey i Departuient of Printing and Engrarins:, Ministry of EduenUon, 

Istanbul. 

Omoii or sotmi ArmiCA: State library, Pretoria, TranaruL 
Union or Bovunr Soctallbt BEi-oaucs: All-Dnloa Lenin Libniry, Moseo%T 115. 
United Natidns: Library of tbe United Nnilons, Geneva, S^tzerlsniL 
UauouAtj Ofldnn de Canje Iniernadonal ds PdbllcacSnnes, Montcrldeo. 
VENEZUELA! BlbllotecH Nacionnl, Caracaa. 

Yucoslavia! Dfbllugrafakl InstUati Belgrade.” 

GEPOSttOlUES OF DAirnAL fETS 

Ayohantstan; library of the AfKblin Aqailetny+ EAbnl. 

ANoLn-DoTTTiAN SUDAN I GordoD Memorial College, KliartouiD. 


* Sblpmtat lUBiwndfO- 

■ Rf*«lT«i sefi. 

■ Addfd dnrlog yeu. 
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Bmjm: Blblloteca Mlziiet^rLo d£ Rn-laerlonefl Exterlores j CtUto^ La Pof. 
Beuxzl: 

Gerais: DSrtN^torla Geifftl rie Kgtfitlstloa ew Minas, B^lo HorUontt, 
Burnsja GmaJTA! Government SeGnetmTiF's Onke, Geori^etown, DemeTiira. 

CAl«l Asa I 

albcbta: ProvSncisI librarTt Edmonton. 

B&maH CoLuuBiA: ProvSafSfll Libruv^', Victoria. 

New Bujteswick : l^cslalntive Library, FiedcrictoiL 
NEWRpuifiir-Aifb: Department of Prorlnclal A.ffalps, St* John's, 
nova Scotda: Frovindal Secretary of Nova Scotlap HalLfnx. 

SASKAi^cHErwAjc; LeMiBlative Ubraryp Region. 

DoitiNiCAN EEfttSJJC: HlbUoteea do in Bnlversidad do Santo Ciudad 

Tmjtlioi 

EkrtTAaoa; EibUotoca NaeLonol, Quito, 

El Salvadou: 

RlbUotoca NaclonaL, San Salvndor. 

MlDlBtarlo do Belacloaea E^vterloreSp San Salvador. 

Greece; Natlotioi Ulirar>^ Atbetua, 

G OA'lEtf ALA; BlbllotOca NdcIdiuiI, Gnatcmala, 

Uatti: BibiSotMuue NDtlonalOp Pon-au-Prlnoe. 
noffiotnus: 

DibUoteca y ArdiSvo NaclotiaLeSp Te^djplpa. 

Mlnisterlo do BelAClonca XlxterlorcSp Tci^ci^alpa. 

Icexasd: NaUonai Library p Rjoykjavlk^ 

Indla: 

RlnAX A^^D OBMaA; Berenuo DopartEnent, Patna. 

Bomrat : Ubdersecrotary to IboGoTarnweut of Bombay, General Department 
Bombay. 

UKiTED PfttmstM or Aora a«d Oenn: 

University of Allahabadp Allabobad* 

Secretariat Library, Uttar Pradesh, Lnelinow/ 

West BenoaL: Ubrory, West Bong&l Le^edative SeeretnrInL Aasembly 
Hottse, CalcultA, 

laAn: Imperial Ministry of Education, Tebran. 
laaq: E^blic Library, Baghdad. 

Jauaica; Colonln] Secretary, KInpitau, 

University ColScge of Uie West Itidiee, St. Andrew. 

Lebano^t: Amerlcuo UalTerEity of Beirut, Ilelmt * 
iiiBfiaiA; Department of State. Monrovia. 

Malata : Federal Becretarlatp Federation of Malaya, Knate Ltlmptlr. 

Malta: Minietor for tbe Treasuryp Valleta* 

NtcAnAoiTA: Mlbisterio deRrIaciones l^xteriarea, Monupno. 

PAEiarA?f: Chief Secretary to the Government of Punjab, Labore. 

PakamA; Mlulstcrlu de Reiaclouca Exteriorea. PaonmA. 

FAiAatJAir: Mlolstcrio de neioulones Exterlorcs, Seccldn BibUotecip Aaiineldn. 
Sf^LAHO: Natlonu] [ibrnry of Scotlandp EdlnburftL 
Siam: National Library, BangkolL 

Sl^oapObe: Ciilef Secretaryp Govemtnent OlHccs, Sli^mpore. 

Vatican Citt: BIEdioEeca ApostoRea VadcanSp Vatican City, Italy. 


i Cb&DiXtl from Ctrl] SecretArlAti Cona^ Uouse, LRcEjidw. 
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INTERPAMIAMENTARY EXCHANGE OF THE OFFICIAL JOURNAL 

There are now being sent abroad 87 copies of the Federal Eegister 
and 04 copies of the Congressional Becord. This is an increaee over 
llie preceding year of 2 copies of the Federal Eegister nnd 2 of the Con¬ 
gressional fiecord. Tlic countries to which these journals are being 
forwarded nre given in the following list: 

DETDatTOflin OF COTttftESSIOWAl RECDHD AND FEDEHAl. BECtSTED 


AttQrrfTITTA: 

dfil Commeso KbcIoubI, Bneons Affcit 
BiblJpt€Cfl Poder Jndldalt 

Boletbi Oficial cle Ift AT^eiitlnflp MSntstcrlo de Jostlcii e tti^Eriii^ 

cldo PdblJcfl^ BiiPDOi Alre& 

C^mntA de Diputttdofl OdcloD de Infoirmflcifin ParlurtkentarlH, Htienoi Alnw. 
Aobtsaxia ; 

Ckumonwealth Parllaxneiht ftttd Xatloiml Canberra, 

Xew t^oirrn Waleh ; Library of Parltaroent of New ^«mth Walca, Sydney* * 
QtTEitNarjiim: ChJef Secretary's Office, Brlfibane. 

’FicToitiA: labileIdbrary of Victor]a^ Melbourne.** 

WmrEUT^ Avstealu: Library of Parllimi&at of Weateiti Auatmlla. 

BaA 7 .JL« 

BibHoteoL da Camera dos Deputadoi, Bio do Janeiro. 

Secreljirlii tie Pro^MonelB^ Hio de Janeiro.* 

Amazonas: AmblTO, Blbllotecji e Imprcnsa rablka, MoMoil 
Rattta ; OoTertiadof do Eatado da Babla^ Sdo Salyador, 

Kaf-raiTD SArrm: Preatdenda do Eatado do E^plrlto EantOr Tletorio, 

Rio CitAKiJe DO Sttl : Imprcnaa Odcial do E^tado^ Porto Alogro. 

^EBOirE: BsbUotecfi Pdbllea da Eslado de SerglpOp Aracajd. 

Sao pAmjO: Impreosa OUclal do Eetada» SAo Paulo. 

BarneH Uo^yottBAa; ColoniaL Becretaryp Bolb^ 

CAtTAOx: 

Library of Parllainoiat^ Ottawa. 

Clerk of the Seaatep Boiwa of ParUameat, Ottawa. 

CtTLow: Ceylon Mtolatry of Defence and Eiterjial AfTalra, ColoinbOh^ 

Cuba: 

BlblLoteca del Cai>ltoUo, Hnbana, 

BibHoteca FablJca Panamerlcnno. Habana.* 

House of EeprescntatlTes^ Habano- 

Czsciioai.oTAKiA: Library of tbe C»echoaloTRt National A^tnblyp Prague.* 
EgVft ; Mbilatry of Forelga AJIalra. E^tlan Govemnioiit. Calro.^ 

El BALrADOR: Library, Natlofial AMJcmbly. San ^Ivatlor* 

PaANcai 

BlbllotbtQue Assemble NattonolOt Paris. 

BibUoth^oe Conaell de la Bj^pabllQtie^ Paris. 

LibraryD Orgaalsatlork for Burapoan Econoinlc O@operatl 0 D, Paris." 
Publl^ues do nnotitat de Droit Comport, Uch'eralt^ do ParlSt ParlR* 
ICescareb Department^ Council of Buropop Strasbourg/ 

Sorrico de la Documentation Etrang^re, Awmbl^ Natlonale, ParSa." 


* Ffidenl KeidMtcr oa^. 

* CpDirwianal nmrd only^ 
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Atacrlka^Isstltiit dcr Unlvefsltat, aitinchett. MtincheiL* ‘ 

Areiilv, I>^Dt^cber Bimdearat, Bonn. 

BLbllot^k dw iBatltots fdr WtltwlrtacbaCt on der Ublvetsltlt Kiel. EBcI^WSk, 
Der Bo^TlBrlie Laodtagp SiIiiDlcti,* ^ 

Deuisdier Buod^^rAt^ Bonii,^ 

D^utstdiei- BandeatBU, Bobs,* 

GlfEAT BUTAlS : 

P«{>armicnt of Printed Bouks, BriCi^ Miu^uiii, Luiidun-"* 

House of CoBunoDfl IplbtBrjn I^ndoB * 

Frinted lihTBtr of the Fotoigb OSlw. LoBdoti. 

Royal iBstltaC of InteruatJonftt Affalra^ IjODdon.^ 

Gsekie : BLbUolhjkiui!^ CliaiLibre dts Wpotfe Athena. 

Guat^haia: Bihlioteoa de la Asainblea Legl^lBtiva, GTLfltenmbL 
Haiti; BLbliotb^no NatioBale. Port-an-PriDce. 

HoxBimAa; Blbiiotoia del Con^rreno NaeioniiJ, Teguclgflliia. 

iTfUUi 

Civil Secretariat Ubraiyp LoetBow* United Provlncea.^ 

Tndinn CoBiielL of Wofld AifaLra, New BelblJ* 

Lei^latlTe AasemMy Llbraryt Lucknow, U ailed Provlticea, 

Le};tBlaiivo Department, BLnda. 

Farliametit Library* New DelhL" 
l£EXANi>! Dali ELreanUp ]>abUia+ 

Ixaiit; 

BlbUoto^ Camern del Depulati^ Rome. 

BlblLoteoa del Sena to della BoptibILca, Rome. 

European O&ice, Food and Agriculture On,'anlMt[oii of the UnUed NatlODBp 
Etoiue." 

iBCernational Institute lor tbe Onldcatlon of Private I^w. Rome/ 
jApAjff: Llhrarj of iJse NBtional Diet* T^^kyo. 

Ko^; Secretary General, National Aaseinbly, PusaB * 

M&xieo; 

Direecida General iBforninciOiip Sccrctarla de Ooberoflcldop Mexico, D, P. 
BiblloCcea EcDjamla FraBbia, M.4x\cut D. F, 

AauA 0 €ALiESTEfi I Oolwmodor del Eeitado de AgUBOCiilieiitfia* AgiiaBCQireat«a. 
Baja CjU-noafliA: CobcTaadof- del Distrito Norte, MealciQI- 
Gamfi^b^: OiibtrimdoT del Ustado de Canipeche, Campeche, 

CniAFAS: Gobernador del Estado de Oblapais. Ttwlla Gutltrre*. 
CifiEiuAHifA; GoberBBdor del E^tado de Chihuahua, Chihuahua- 
Coaruuia: I^erlfdlco Ofldal del Eatado de GoahnUAp Fataciu de GobIcmOp 
Saltillo. 

Colima: Gobernador del Eatado dc CollntQT Colima, 

DoilakqU! G’libernador CoiiBtliuclonal del Estado de DurauEo* Durango. 
Gua^^ajoato: fiecretaria General de Uoblomo del Eatado^ Guanajuato. 
GuxjiBEao: Gobernador del Estuda de Guerrero^ CMlponclngo. 
jAueoc}: Blblioteca del E^tado, GumMaJara. 

MixlOO! Gneeta del Goblerno, ToIbcjl 

liicnoAcA^: Secretarlfl Gcaernl de Gohlemo del Eatado do HEchoBcAn, 
MorellB, 

MoBALoa: Palaclo do Oobiemc^ Guernavaca. 


* Three eopl». 
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M ft xiccH-CoaUtme<l 

NavamIt : Gobernador de Ka^arlt, TepEe. 

NtToro LeAtt ;: Blbllnteco del Alubterr^F- 

Oil AC A: PftrlMlco OileEHU F Alicia de Goblemo, Oaiaca. 

FtPEDLA : Secretartu General de Gubteriuii P\iebLA-. 

QuTKftTAKo: S&cretarfa Generis I de Goblomo, de Arehlrap Quer^tan^. 

Sa^ Luis Pcrmi: Conp’esp del EatadD^ Saa liuEa FatoaL 
SxnALOAi Gobemador del Estado dc Eiadlod, Gullacfta- 
: GobettsadEjif del EBtnde dp Sc^nora^ HersiasEkla, 

Tabascci : SecfetArla de O’ObSetao^ Sp$,^I6o 3ii, name de Preiisa, Vlllaberuioan. 
TAMAULiPAa! SecTetarln Genenil de GoblerDo, Victoria^ 

Tuvicala : S&L’retarlft de Goblemu del Estado, Tla^tula. 

VsmArnusc: Giiberiiador dwl Estudo de VerueniK, Diwriamento de Gober- 

nacEdn y Ju£tle3at Jala pa. 

YL'GATAa ; Gabcroador do! E^ado do YucatAn, Merida. 

NKTEPdOA^vDe: Ena^nldlike Elbllotbeelt^ The Bugaei* 

New Zealand: Geaprul A^sgtiibly LELmry^ WeMlu^obr 
Nosway ; Library of tbe Noru^e;;lmi Parhanietit, Oslo, 

FAKtsTAK: Punjab Le^aslatKo AsaembLy Departaieat, Lahore, 

CAuHLra dp DEpuiadotif, Li boa. 

FPtANb: IkJJnlstry of Justice, Warsaw/ 

PobtUOal: Se^retnria do AHSpmbla Xatloasl, Llj^bpa/ 

PoarcGUEaE Timuk: ItppurtEcip Cent ml do AdiiiEnletrn^'aa CiTll, Dill/* 
Bibllotb^uo, Bureau IiilernatloDal du Traralh Goiieta/ 
IntpraptEonal Labor OittcPp Geaevp/ * 

Library^ UbUed NdtloiiH, Genova. 

U.'NtaN OF SotJTU AimicA; 

Cafe of Ge>oi> IIope.; Library of l^rllament, Cape Town, 

TaAjtavAAi: SUile Ltbrary, Pretoria, 

UtGOV or BovrET Soeiaust BEFiniLics: Fundamejiml'nUa Bibllotpltft^ Ob- 
Bbehtt^tvpaaykb Nauk^ Slojfcow/ 

CaudUAY: DEarlo OdclaJ, Callp Florida HTSt Montevideo. 

Vekeijela: Blbllatpca del Cungfeso. Cameaa. 

FOREIGN EXCHANGE SERVICES 

Exchange publications for athlresses in the countries listed below 
are fonvardcfl by freight to the exchange services of those countries. 
Exchange publications for addresses in other countries are forwarded 
directly to tlie addresses by mail. 

14^ or EeCUIANCE soviet 
Aupticia: Austrian National Llbrnry, YIennn. 

Bijoium ; Service dea £elmnees Intomatlonauxi BEbllotb^ue Boyale de Bolgltmep 
Hmxeltpfl. 

CniTTA: Bureau of IntProatLonal Eicban^, NatloDid Central Library. Nnubtni;:/ 
C^EcnpBii>vAitiA: Bureau of tiitortiational Exvbau^OH Natlonnl nnd Unlvej^ty 
Library, Pragne. 

Demcaes ; Ijistltut Dabotff dea l^bangea Intemationaux^ Biblloth^ue Boyale, 

Copetihagoti E, 


•Two «cipli 



SECHE^AJtY'B BEFORT 


93 


E<3TPT : (li>Tierimient FoblliaitlotiB Office^ Bul^q,, Calrxx 

fci^LAND: I>ul€!^HtiDii (jf Ui<! Scleiitiflc SocfiftlfiSp SncIluiUJiAnJiatEi &-11, Helaliddr 
Fiusck; Beirlce dea iScliinEiefl ltittrmLtlonaii3c. BlbU^Jtlieqae Katiomile, 5S Bup 
de Blchplleu, PorlH. 

GEEMA^n NolBemeSnsctiaft der D^utactiPft WissenscJiHJt, Bad 0 ^^dP^^>eT 1 p. 

OuEAT BEiTAiJt AND liiELAJfD I WlitJldpD & WpsltTi 83/B4 Berwick StrePU lAndon, 

W, V 

Odt^qaiit: BongHTiDn Ubrarlet Boiud^ PereiKiektc^re fi, Bydapeeti IT. 

Ikdia: BaperLnEeDdpat <*f GoyernmPat PrlntinK aad Slatloaarj^ Botabaj^ 
Inuonebea; Departnie&t of Cult Ural Affalra aad EducatloHi. DlHltarta+ 

IsmAEf.! JewiPh National and Dalyerslty Llbraryi JpriiBaleiD. 

Italy: Ufflclo doisU Scambl IntcriuiztuDnn, MlaiatorQ dplla Fnbllco tstmiloae, 
Boine^ 

Japa]v: DlTiHlon oi International Affairs, National Piet Library* Tokyo. 
NoliEaLAfTDs: International ilis:lmnKc BuTPan of tbo Nelherlfttids, Hoyal li¬ 
brary, Tbe 

New SoiTTii WAiEa: Public Library of New Soatli WaleSp Sydney. 

New Ziialajtd: General Assembly Library, Wellington. 

NcbwaY: Servlee NorrtgSeii des £el]ajit:e!i InternatSonattS, BibUolli&qup dp I'Unb 
rcrslt^ Boyale, Ofjlo. 

PHiLteeif^ES: Bureau of Public librarle^H Department of Education, Manila. 
POLAJTD; SerTice FoloiLaLs des fA-baneea InternflUouAnx, Bibllotb^nne Natlonale* 
WntMw. 

PuETOOAt.: Sece.lo de Trocaft latpraadoutiR, Biblloteca Naelonal, t-labciL 
QuiKNOi^AN'o# Burcan of Bicbangea of Ifiteroatioiuil Publloatlons, Chief Spcra- 
tary'a Office, Brisbane. 

RnitANiA: Miniature de la Propacande Natloniilpp S^rrloe dea t^banges Inter*^ 
natlonanx, BucluiresL* 

Rocth AuaTkAua: Bouth Auatralian OoTeminent Exchani^a Bureau^ Govern¬ 
ment PrInilHg and BinHotiary Office. Adelaide, 

BrAis : Junta de Iniprcamhlo j AilfiuSalcldn dc Ltbrofl y BeTfstaB jmm Blbllote- 
Ofts PdblicfiSp Minleterlo de Educaddn Noelonal. Avenida Calvo Sotelo 
Madrid. 

SwEDAft: Knngllga Blhlloteketr Stoekbulnj. 

SwmimLAfcvn: Service Subtsp dea SebanBea rntemationntiXp Elbllothf^ue Cen* 
trnle TOdCrale, Palats F^^ral, Berne. 

TAn^tATfiA: Secretary of the Premier^ HobarL 

ToRKCti MlniBtry of BdocatlDa, Department of Printing and ETigratlinY, 
Istanbul. 

Uaiox or Sooth Ateioa ; Gnvemmpnt Printing and Stationary Offlee, Cape Towd^ 
Cape of Gotnl Hope. 

UjtJON DT Soviet Soctaust ItnyiniLiCB: Bureau of Boot Encbangfi^ State Lenin 
Library, BIoscow ID. 

Vjctokia : Public Library of Tictorla, Melbonma 

WcffTEas AcmTBAllA: Public Library of Woslern Austrdliar Perth, 

TososlatIA^ B1 bllognil^tl loBtitat PNBJ* Belgrade. 

Hespeclfully submitted- 

D. G* WiiJAAMH^ Chiefs 

Dr, A. Wetmori:, 

Si^^etiiTyf Smithsonian 


* BetwHED th« UnlM Etatui and EnfLind 
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Report on the National Zoological Park 

Sik: Tmnsmittfid hereTvith h a rcpoii on the operations of the 
Xational Zoological Park for the fiscal year ended Juno 30^ 1953* 

There were 500 accessions^ comprising 1^575 individual animale, 
added to the col lection during the year by gifls^ depositSii purchases^ 
exchanges, births, and hatchings. Among tlicse vtrere many rai^ 
specimens never before sliown in this Zoo. The addition of new kinds 
of animals enhances the value of the collection, which is maintained 
not only for exhibition, but for research and education, thus fostering 
tho Smithsoninn^s established purpose of “tho increase and diffusion 
of knowledge.^ Valuable opportunities for research are afforded 
students of biolog}', particularly vertebiiite zoology, as well as artistSi 
photographers, and writars. Only methods of study that do not 
endanger the welfare of animals or the safety of die public are 
l)ermittcd* 

Services of the staff included answering in person or by phone, mail, 
or telegraph questions regarding animals and their care and trans¬ 
portation I furnishing to otlier zooe and other agenciea, public and 
private, information regarding structures for housing animals; co¬ 
operating widi other agencies of Federal, State, and municipal gov- 
emmenta in research work; and preparing articles for publication. 

The stone reataurant building, which was constructed in the Park 
in 1940, is leased at 523,052 a year. This money is deposited in the 
general fund of die United States Treasury^ Tlie concessioDaire 
serves meals and light refreshments and sells souvenirs* 

THE EXHIBUS 

Animals for exliibition are acquired by gift, deposit, purchase, ex¬ 
changes, births, and hatchings, and are removed by death, exchange, 
or return of Uiose on deposit* Although depositors are at liberty to 
remove their specimens, many leave them permanently. 

As in any colony of living things, there is a steady turn-over, and 
BO the exhibits are constantly changing. Thus, the inventory Hat 
of specimens in the collection on June 30 of each year does not show 
all tho kinds of animals diat w^ere exlnbited during the year; some¬ 
times creatures of outstanding inters at the time they were shown 
are no longer in the collection at the time the list is prepared- 
04 
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The United States Jfatioiial lluseum is given first choice of all sped- 
jnens tlint die in the Zoo. If they are not desired for the Museiun they 
are then made available to other scientific institutions or scientific 
Vforkers. Thus the value of the specimen continues long after it is 
dead. 

Professional workers of the National Institutes of Health frequently 
perform autopsies on auimuls for tiie information thus obtained that 
might be of use in the study of human diseases. They frequently 
diagnose causes of death and make suggestions for treatment of hv- 
ing aninuiis. In particular, acknowledgment is made for the eioellent 
assistance and advice given the Zoo from time to tune by Dr. W. H. 
Kyestoiie, of the National Cancer Institute, and by Miss 1* ranees 
Dobell, biologist in his laboratory*. 

Zoos are constantly striving to take such good care of their animals 
that they may live out tlieir maximum life spans. Therefore when 
fair success la attained and animats live in captivity longer than tiiey 
usually do or when they appear to have established outstanding 
longevity records, it is gratifying. In the National Zoological Park 
Uiere are many animals that continue to thrive after relatively long 
jwrioda in captivity. A few of these are listed below. Though none 
of them has established a maximum longevity record, all aie note¬ 
worthy. 

Mammah *—A ringtail, or cacomistle [Baitsariscutaitutus)^m:eiV6d 
as an adult in August 1941, is still living and in good condition. 

A digger pine pocket goplier {T/mtnomys boitae meKO) , received on 
May 10,1049, lived until June 27, 105E, Pocket gophers do not ordi¬ 
narily survive so long in captivity. 

Birds ,—The bird that has been in the zoo collection the longest is 
a Siberian crane {Grun hticogcrajiuB}., which was received in 1906. It 
is still thriving and appears to be in good condition. 

A white-naped crane (tJrtis leucauchen) received in 1916 appears to 
be in good health. 

A wood ibis {Mycieria amerkana) and a Iffiser adjutant stork 
{Lept&ptilut javctnkcvs) were both received in 102fi and are still doing 
well. 

East African crowned cranes {Baleanca Tegulorum gibhericepa) 
received in 1926 and West African cranes {Balearka pavonina) re¬ 
ceived in 1931 are thriving. 

A single-wattled cassowary (f7a*uari«i unappcfidi<ml<tbug), re¬ 
ceived in 1928, and other cassowaries received in 1937 are still alive. 

Small birds tliat are still thriving are white-cheeked bulbuls 
{PyCfumoius leucctff^nys) and mourning finches {Phrygilua fraticeii) 
received in 1940. 

RspHi^ss .—The oldest animal in the collection is a Gallipagos turtle 
(Tettudo uirifia), which was collected by the T^ord Rothschild Eipedi- 
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tion to tlie Galapagos Islands in 1S98, tlio first scientific exploraticn 
of these islands. Since its receipt it has continued to thrive and grovf. 

An African water turtle {Pdomedusa gdleaia)j obtained in 1920 
fay the Smithsonian-Chtysler Expcilition, is still aUvo. 

Other reptiles with interesting records are: A soft-shelled turtle 
(Amyda ferox) received in 1900; flat-headed turtles {Plsiemgs platy- 
eepluilit) received In 1031; two African crocodiles {Ci^oeodylus fu'^dr*'- 
cTBj) received in 1029; four spectacled caimans (CaiTnan sclerops) re¬ 
ceived in 1031; and a pike-head snake {Oxi/beiit aetiiidnaiiij) received 
iu 1043. 

Among the ampliibians are Argentine horned frogs {C^j^tcphrys 
oj'nata] received in 1030 and giant toads {Bufo marinm) received 
in 193L 

Two South Americun Itingfishes {LepidrO^iren paradox-a), received 
in 1931^ are still living. 

The most serious loss of the year from both a financial nnd senti¬ 
mental standpoint was the death on June 30, 1952, of tlie African 
elephant ‘*tJujuUiiia,’^ which had been with the Zoo since August 8, 
1913. She was never tl^c docile soul that endears some elephants to 
children, hut she was admired by many for her active, alert ways os 
well as for her stature and remarkable form. When site was obtained 
from tlie Government Zoological Garden at Giaa, Egypt, she was 4 
feet 3 indies high at the shoulders and weighted 875 pounds. An 
arthritic-like condition apparently caused her decline. 

ACCESSIONS 

By citenHive correspondence with persona in foreign lands the Zoo is 
frequently nble to acquire by gift, eschatige, or purchase highly de¬ 
sirable animals that are not ordinarily available tlirough animal deal¬ 
ers or other zoos. 

eiTTSTAHOnic AcemsrnoNs 

llie Commonwealth of Australia iircscnted to the President of the 
Unitctl States an albino kangaroo and a. pair of the beautiful Crown 
Prince liudolph's blue birds-of-pamdise. These are quartered in the 
7mo and are most interesting additions to the exhibits, as the kangaroo 
is believed to bo the only one of its kind tn captivity, and the birds 
are tlie first of Uiis species that this Zoo has ever Lad. 

In eschango with E. J. 1^. Hallstrom, president of the Taronga 
Zoological Park IVust, Sydney, K. S. ^V^, un outstanding collection 
was received from Australia, consisting of gang-gang cockatoos (^af- 
tocephalon Bjirrnbaiid'a parfikcets (Polytdia wcaiwoni). 

Ijoiidbeatcr'a cockatoos (A'oi-afoe Jeadbesten), baro-eyed cockatoos 
{Sdk^tae ffflnSfNffleu;!), sulplnir-cresterl cockatoos gahrita), 

emtia {Dromkeiv^ Tioi'atshollandiav)^ bower birds {PtUmorhynchm 
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Cape Barren gcee© {Ceratfsia n^athdtandiaa)t black 
swans {Chenopk atrata), 4 long-eared opossums {Tnehoau^ v^- 
pe«t7a)>6 phaiangerg {Petauruamrfolceima),^ wallabies ( n allabta 
agilia),^ wallaroos {^i/acrapua robitatttit}^2 red kangaroos {^acr^pva 
i-M/ua), 2 great gray kangaroos {Macropiia ffiganteva), 1 White’s 
skinks {Pfft^nia vhitii)^ 4 carpet pythons {P}/thm variepatita)y5 
black snakes {FaeudechU porpftffr/aeiie), 2 green snakes [DendrophU 
puncivlatua)^ and 4 tiger snakes {Spihtea puUatm pulhiaa}. Other 
specimens arc still to be received in this eschangCi In return, a young 
giraffe, 2 pygmy hippopotamuses, and 1 grizzly bear were sent to 
Australia. 

The United States Fish and Wildlife Service, through various m™- 
Urg of its staff, has continued to assist us in maintaining an interesting 
collection during the year. A pair of MacQiiecii s bustards i^OhldPip- 
dotia undufalsmac^iieenii) was presented through Gardner Bump and 
(he State of Xew Mezico. The first Boss’s snow geese {Chan road) 
received since ID15 were sent by Vernon likcdahlj superintendent of 
the Sacramento National Wildlife Kefuge, fram Willows, Calif. He 
also sent other North American waterfowl, which are enumemted in 
the list of donors. Ollier members of tho Fish and Wildlife Service 
who assisted are given in the list of donors. 

W, iV. Dornin, of Plioeni-t, jVria., continued from time to lime 
lo send choice specimens of reptiles of the southwestern United States. 

Valuable specimens were received during the year from J. D. Hand- 
man, Nyasalatid Railways Ltd., Monkey Bay, Nyasahmd, Africa. As 
this is a region little known zoologically, all the specimens are unusual 
in collections. Outstanding among tlicise was a file snake {Sinutcb- 
piLoluaeapanaia). 

The United States Army Medical Unit in Malaya, under the leader¬ 
ship of Lt. CoL Robert TYaub, again brought to the United States 
particularly interesting animals that were made available to the Na* 
tional Zoological Bark after they had served their purpose with the 
Medical Unit. Although the collection was not large, all the specimens 
were very desirable. Tliey included 2 baby orangutans 
pvffmoaua dbain ); 2 voting small-toothed civets {Arefo^bh'dia trivir- 
ffafu)-, 4 ferret-bttdgcre (fZefiWw ; 2 tree shrews {Tvpai 

montana htdvwda) ; 4 choice specimens of the big black rat of Mount 
Kinabalu, North Borneo (FaUtta tnfraMeva) ; 1 Bornean porcupine 
(Trickya lipura) t and 1 remarkable tiny spineless hwlgehog {Hyio- 
mya auillm d&raalia). On the long trip from Asia the anintflls wew 
cared for by Clmrlcs Wharton, a zoologist who had l»en with the 
Medical Unit. 

The Johns Hopkins Research Center deposited in the 7^ a group 
of young chimpanaecs that have proved to he a fascinating eihibit. 
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The Kational Lnstittitee of Health, through Samuel Poiley, pre¬ 
sented 13 minka and a nmnlier of ferrets^ 

Fourteen species of animals ivere receiTed that had not previously 
been exhibited in the Natioiml Zoological Park, and some of them 
probably had not previously been on exhibition m the United States. 
Among these were: 


Eetfnii^ CoMin^ IMilff 

trivirffaia atifFmatiea __ Small-toothed clrot 

evereiU _ _ Ferrethad^er. 

TiffHtt monfono WueH4lt _ _ KioabalD u^ee idiTew. 

Raftm _ ElaabMlu rat 

njflomj/t tuiUttM dcrtali* __ SjilneleaH hcdgebc^^, 

Trichv* - „ —— — - BomeBa porcuoKne. 

PrrMbyUa phat^^^ - -- Phayre's 

Afacroptit fftpantevg - -- - Albino great gray knaj^aroo. 

Anat liffonfco-— „— - - Philippine mallard. 

CrtxM alberii ———,—Bfno-ceretl euraaea^Vi 

repAaiopffra# _ __Ujnbrdlabird. 

ChlamifdolU unduloi^ macqueetiii. _ _ Xrnt^jQDen^S bustard. 

l^ctiftonla mp&thd — - - - Aujftretlinji copperhead. 

^tmocepAalw# eapenitj_____ Pile snake. 

Other acquisitions of outstanding interest, although not the first of 
their kind to bo exhibited by the Zoo, were: 


Pwipo ppffma^g PbcUi^^ _ __ OraogntatL 

Pflji f r^ptt^ptes _ __ _ Chlmpauiee. 

Bplobaf€M iar^. _ _ _^’hltO'hazidfd gihhaix 

SpcolAoj rangfKtar__ _ Buah dog. 

/)icer<w bicomis-^ ____ _Black rhlDoceroa, 

Rwirola sanfftiinotenia^^ _ Scarlet cock-of-tho'rork. 

JEupIcafd niptcvki-- -- OrauRe cock-of-Uio-potlc. 

Pofpfelft ____ _ Bamband'e parakeet. 

_ _ __ . _ Gung^spng cockatoo, 

P^litac*t4 erUhacvs —^--— African in'ny parrot 

ITuka^oc Jeodhoi^rcrL- —... lefldboater'fi cockatoo, 

Uhen rQt^i„ ____ __ Rosass goose. 

PtWfiewj abptofnlnu--Aby^s^mian groaiid bombtll. 

PAarontaohiij _ _ Odctsal. 

Kskato^ htfeFnfl^u^lapppl^^— __ Bcd-v&nted cockatoo. 

Eak^fm MnpNfiiOs# --- - BarP-ej«l cockatoo. 

i^ronifcca# norocAoHandfac—^_Emn. 

PNtoftork^cAua Bovk-t^blrd. 

PArtidiMomi* rudophi -—- -- Prince Eudolpti^fl hlrd^jf-paradisa 

Kinirtf^ ertaa -ttiiiged-ljaek turtle. 

Fom&pf mori ---Silkworm. 


DcrnsnoRa amb pondos ahp treii oim 
(DepodtJ tre marked ■) 

Addle's Pet Shop, WMliiagton+ D. G, aktink. 

Airline Pilots' AwcUtloa, Waablagton, D. C., boa conaCdcbor. 
Amott, John T., Mount Ealnler, Md., red foi. 
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Animal Bescuc lAMiKTie, WMMjigtoD, D. 0.r squlrwl jnonley. 

Annisnister. I>aTjd« Wnsliliietoji, D- 0., S opPssutna. 

Awtralla, Conmioim'fiAltli of, throiigli E- J. Hullatroni, Sydney, iJ, 9» W., atbUid 
bnngaroo, 2 Cimra Pfince Budoliib'e blnls-nf-pBradliK^ 

Ajcr, Brace, WnaMn^on, D. C,, I*4klD dock. 

Ayers, Mrs. Jokti K., Mount Ealuler, M[L,red-Tented eockntw. 

Baccbel. Mrs. IL Si., Washlnelon. D. C., goWflsli. 

Backs tier, Ben, Waabio^oa, D. C„ rubblt. 

Baker, Bobby, Washington, D. O., Pekin dock. 

Baldwin, J. Alesandrin, Vb.. gray fax. 

BBDlater, Mr*. A. B.. L'lievy Chase, Md., ealojoiander. 

Barker. B., and Norrla, H.. Woshlagton, D. C., gray fox. 

Barnes, BoKtr I*. WoElilngton, D. C., I'ekln duck. 

Bartlett, Mra. Hallle B., Waaklngton, D- O, robLn. 

Bartley, Master Sgl. rranic a, Washington, D. C, flkcuik. 

Barton, A. J.. PlttsbnrEb. Ph„ fl timber intUeaDitkes. 

Bell. Cnrtla, BeUiesda, Md., 3 Pekin dneka. 

Bergen. W. P., Wnahlnston, £>. C„ Pekin duck. 

Bernard, Mrs. £1. J., Washington, D. C., caanry. 

BleciaeLl, Uarbarn and Betty, Bethenria, Md., 1 Pekin ducka. 

HiT Tltng, Mrs. Anno, Wtiablngton, D. O., red fox. 

Blades, Li. Charles P., AnacDsUa, B. C., red fox. 

Blake. Lola, Betbesda, Md., 2 Pekin ducks. 

Boges. B. H:.,<}reentKtt. Ud.. 14 white rata. 

Bole, Joe, 30. Washington, D. O., 3T box tuttlca, 

Bolton, B. S.. Arlington, Va., horned lizard. 

Bonsall, Mrs. E. S.. College Park. Md., 2 Toulouse geese, PeUn duck. 

Boy Bcouts, Troop 443. SUxer Spring, Md., pUot black snake. 

Bradford, Mra. D„ ArllnKton, Va.. 2 PckJti docks. 

BraoJlsch, Jny, Arlington, Vn., 4 box turtles. 

Breed, K. B, Washlneton, D. O., skuhfc. 

Bretemtis. P., Waahlngtoit, B. C„ Pekin duck. 

Brlnckcrhalf, Wm. W,. Wnshlaglon, D. C., yellow^hcadcd parrot.* 

Brown. J. P.. fiyattovHle, Md., red-tailed hawk. 

Brown, Roswell L., Greenbolt, hid., crow. 

Brnder, W. A., Woshlogton, D. 0.,:: Pekin liucksL 
Brner, John L., Alexandria, Va., keeled green snake. 

Back. Warren, Camden, N. J.. pygmy hippopotamus,* 2 cottan-bcadea marmosets.- 
Burke, Donald. WashlngtOD, D. C., snapping turtle. 

Carson, James. Arlington, Va., S opossums. 

Carter, Mr«. HiU, Washington, D. C., opossum. 

Castle, Guy, Oxoti HJIl, Md.. 6 Muscott dark* 

Chambers, Boh, RockvtUe, Md.. skunk. 

Cluttex, fJ. J., Washington, D. C.. mlisknit, 

Coffleld. Mrs. B., Washington, D. C., canary. 

Collins, ElIxabcLh, Washington, D. C,, screech owL 
tTftniin . Thomas Byrd, ArUngton, Va, 0 tmi turtles. 

Cook, ElllotE ft,, Arlington. Vn., Pekin dncL. 

Cool, Mrs. Leon, Wnsblngton, D, C., cedar waiwint 
Cox, Rny E, WaahlDKton. D. C., rahhlL 
Cm, Mrs. Re, Alexandria. Va., 2 Pekin ducks. 

Curran, 8audra M., WashlngtoD. D. C., 2 newts, 

CutchflelLl. John. Washington. D. C., 3 hamstera. 
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I>ade, Boljp Wasbln^oD, D. C., lon^-eafecl owl. 

DAlik^cD^ Duni^p Alexandria, Vst,^ liorned LIzuitL 
Davis, F. A„ Silver pSI*^t ?tluik0. 

DawBonn Ti. 51.^ i^IouDt It-ninleT, ^iJ.pSiitirlut tanaiifpr. 

D^an^ Carol A,+ Waalilneton, D, C+p Poklu dupk, 

I>eck, i. C., UiTprdale,^ ^iLk riiie-Ji*^ckeil 

Dorrett+ IL E.p WEiBblnh^ton, Dp C., F*^kln duck. 

DeWlnd. Mra. A, Vt\, €he%-y Chaao, Md,, 2 Pekin dui^ks. 

Dlckeyp Mrs, Alexaiuler M,s Wn^loi^lcm, r>, C.^ 2 Bparrowa. 

DlsLrkt of Coliiiubla [> 0 ;? Pound, WaslilDj^toD, D. C.p rawooiip barred owL 
Doruis^ W* W,^ PhocnLXp Aria.* 2 wc^EL-m bull utinkea, (rarter Booke, 6 ^losay 
anakr^p Stmorao btirrowiiig aiiabe, * dlamoudUavk ratdoBiiakeSp proitle ratU^ 
snake, d eLnrkwnllas^ d sldewiiiders, 2 desert rattlers;, Boyle's kitii; suakeT 
leaf-nosed anakep desert suake^ striped racerp red racor, lizard. 

Dou^laa. J. E,h Rockville* fild* worm snab-e, rluL'-neoked anake. 

Douse, Richard, Washlngtoti, D. C., pilot black snakes 
Doutrlcb, Edward A., Silver S^prlngp MtU Ajnericau orow, 

IhtwnR, Larry E.p Arlinj^^tozi, Va,+ rhesus luoulct'y.* 

Dolerlop flirs, I*, F„ Fort Fuote, Md., robin. 

DnrhnjiL, Mrs. A. W.* Belhesda, Sid., canary, 

Durboai, R, G,, Cbevy Chase, Md-* abomed U^rds. 

Dyke, Sira, <5 race, B^ashin^rton, l\ 0,,^ ^ttiss purnkeetSp 
Edvi'ards:, idrs. iCcnnetb, WosIdJu^oD, D. C.p B gmss parakeets. 

EdwanD, Marlon^ WastLln^ton, D. C., skunk. 

Egbert, Gordon R, CJhevy CUiase, ill<l„ d Fekln ducks, 

Espcnshitde, G. H.p ArlLu^Dn, Va.n 3 Fcktn duckit. 

Faheyp A. J., Takouia I'ork, Md., opossum. 

Feeney, Sirs, Chevy Chatie, lid,, Fckln duck 
Fine^ J. Rp Hynttsville, Md., hBiiister, 

PlelscbmiLn, Mrs. Mori^iip WaKblnf^ton, T). C., 3 Pekin ducks. 

Floyd, lIrSr R,^ Silver Spring, lid., Pekin duck. 

Ford, Bertelle E.p lto*±’tilIep lld.^ rla^-necked snnkev 

FoOiergill, nud StciekwelL Frank, Nowhuryport, Mil^., snapping turtle. 

Pox, Dr, CL Corbin^ BurrtsoDbnrii, Voh Idack vuitnre. 

Freeman, D. H., Wa^blngton^ D, C., tahhlL 
Freneb, M. Chevy CMae, lld„ Pekin duck. 

Gaultp llty. R. Ateiandrln^ Vo,, Fekitj duok. 

Grtver^ Gordon, Tburmontp IRL, D rbesns numkeys,* Javun mncafine," 2 pllnt 
black snakes,* tlngcobrap^ B Sluniefie eabnis,* Indian python," regui python,* 
£ c^JtniuoiJ bottH,* gre^^n tree lam,* min bow boa/ tin 11 python/ menpove 
snake/ African python," 2 GUa monsters,* 3 black teg^is,* 3 Florldl dla- 
mondback rattlers/ Texas diamondback rattlur/ 3 bo^-nDsed Etnakes/ 

GeJh, 11 rs. Pat, Brentwood, Mii,, rabbit. 

GULigan, George 1V„ Wushin^^tou^ D, C., bibek auake. 

Gradj^i Dal I Is M., West River, Md., bald eagle. 

Grussirrcen^ lira, AnnOf Mount Kainlerp Md., rabbit 
GrauSp Mrs; Muilldn^ AlexandiiOp Vn., Fekln. duck 
Gruybill, Catberine, Gw bln JobUp lid,, 2 water snakea 
Grow, Mrs. Nomuin A., College Park, Mil., gray fox:. 

Giiim, J. Alexandria, Ya.p black-wtilow spider, 

GutnOp Terry, Arllagton. Vn,, king snflke, 

Itngt^nbeok, Lorenz, H^iinburg, Germnu}-, 15 yenow-bellled EOftda. 

Bablp Mba L., Falls Churebp Va., Epfass parakeet. 
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Hall, Billy atiil iloluby, ArliniRoo, Va., nllteator. 

Hal lard, Mr«.. ArUnKtoo, Va.. Pekin daci?, 

Hatabrlght, D„ WashlngtOfi. D, C., 2 Pekin ducks. 

Hananu, Chuck, Crestvluw, Flu,, dtauwmdbaclt raitleanakc, 2 K'lnny ruitlesnakes- 
Harris. Curler E.. Jr„ Tnkoma Park, Md.. red fox,» 

Hartmna, Jobn. Silver Spring, Mi!-. 2 Pekin ducks, 

Hawkins, Sandm L,. Lewlsdale. Md., 2 Pekin duck*. 

Ha>-mes, W, E., Lyncbbni'g. Vn.. rtivstts, monkey,* 

Heeiand, Mrs. W„ Wasliinirlei^D- C., bob while quail. 

Henderiiian, Bill, Vienutt, Va., snapplns turtle, 

Hensley, Mr*. Betty, Ktclimond, Vu., lion euh. 

Hemdon, J. 1... family, Wtishinston, D. C., sooty iiinngabey. 

Hiturorani, D. K.. Washington, D, C., Pekin duck. 

Hoke, John, Washington, D. Cv. Ilytog squirrel. 

Holland. Charles 1V„ Arlington, Va,, 3 white row, 

Bnugb. filltton, liVUshiagton, D, C., siiarrow hawk. 

Howard, Jeff. Wnsblngton, D. C., Pektn duck. 

Howe. Cheeter, Herndon, Va., 2 rncwons.* 

Hughes, Olorifl B.. Atexandrlu, Va., 3 opossum*. 

Httmpbrev, XunO', Chury Cb»se, Md.. black- widow spider. 

Bnntt, M^. Henry S., Silver Spring, Md„ blue Jay. 

Hutcbius, Mlb-s, Bethcsda, Md., Pekin duck. 

Ingham, Rex. Rutllii, N. C,, 4 Ariel toacnns. 2 gmooth-aculed green snakes, 2 
com snakes, 

Jenkins, Mrs. Louise N*,M., Arlington, Vu., raccoon. 

Jerome, Mrs. Win,, Aleiandrln, Va.. PekJn dock. 

Jessup, Gordon I,., RToehlngtou, I>. C„ pilot blnck snake. 

Johns Uopkins Research Center, Baltimore, MiL, 13 chJniltlinzees.* 

Joneo, Mrs, O. K., Washington, D, C.. guinea fowl, 

Joy, Jnck, Kansas City, Mo., rowterhead. 

Joyner, llariy' S., ArUoKtea, Va.. snapping turtle, 

Kcfauver, Senator EStes, wuablngton, D, C., akunk. 

Kent, W. W., Silver Spring. Md., 2 raccoons. 

Kerschbnum. Matt, Washington, D. C., horned liitard. 

EidwcU, James. Washington, H. C, snapping turtle. 

Kitts, J. F., Wnshlngien, D. C.. rhesus nmukey. 

Kltta, JniH and Buddy, Washington, D, G,, woodchuck. 

Knotson, Mrs. A. L., Chevy Chase, Md., Pekin duvk. 

Kuodubl, iinry Flo, Chevy Cliaso, Md., Pekin dock. 

Eonts, Dr. Boben E.. Cairo, Egypt, fcnncc fox. 3 sand sklnks, 2 ugumaa, 5 
sand vipers, 3 horned vipere, 2 black vipers. 

Leas, Russell, Hoadly, Va., baby brown bat. 

Lchclln, Mrs, Barry, Arlington, Va.. Pekin duck. 
l,ee, .Mrs. Sally, Wnsdilugtnn, D. C-, glnnt lead snalL 
Leslie, Carol, Wasbluj.'ton, D. a. Pekla duck. 

Lewis, l*atay. Mount Rninter, Md., Pekin dack. 

Lister, H. E„ Wnsblngton, D. C,. Pekin duck, 

T.yon, I,. P., ArllngtoD, Vu., 2 Pekin ducks, 
aiackellcir, O. W., Hyattsvllle. Md.. Pekin duck, 

Macklnttwh, Hugh, BelheedD, Md„ 8 water snakes. 

Maguire, Sirs. John A., Hemdon, Va., pigeon. 

Mftnson. Mrs. P. B., Washingtiio, D. C., raccoon. 

Manyctle, Mr, and Mrs. Paul, 'Woshlngton, D. a, lenatuched nmnkoy. 
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J. Q., FmllB Cburdi, Va., dLamoD^lmck tefrapto. 

McCabe^ ElnlnCn and Kn^St Bobbjt Washington, D. C., large anapiiliig tcrUe. 
UeCnbe, Jolia^ Arlington, Va., snowy owL* 

UcCoartney, Rmce, Non^e, Va.^ 4 narrow-no^d frogs. 

McOonald, It.p Cbory CbnaOt Mil, mbblL 
McEroy, Mias H.p WAsblngtoa, D. <1, 2 Peh!n docka. 

McKinley, Dong] as, Washington^ D, CUaSlkworin. 

McKnlghtp K. E., Arondale, MA, oposaum. 

McMlebael E, F,+ WashIngton, D. C3U weasel 
Memory I Mrs, Atndon, Takoma Park, Md.p Pekin dock, 

Mercnrlo, Karen, WasMngionp D. C., 2 Perkin duckai 
Miller, PatrieJa Anna, Washington, D. C., Pekin duck. 

Milnerp James £■., lakoma Park, MAp mole. 

Miner, Ernest H,p Jr.,p Wasbington, D. 0., 2 apcckled king flnokesp* 2 ornate 
whlpsaakea,* red nicer.* 

SJliep Mra. A, RockvHICp Md.p 15 baninin fowl.* 

Moiiflgoa, Catbleea, Washington^ D. C., robin. 

Monks, Tommyp Washington, D. C., American crow- 

Montgomery, C- R, Rlngling Brothers Earmuin Jl Bailey Clrcna, SnraJ^ta, Fla., 
Indian python,* African python." 

Mooney^ Mrs^ A, Arlington^ Va.p brown capuchin. 

Moore, Mra. Eeaale, Weahlngton, D. C. cardinal 
Moore, Laird OU Waabtogton* I>. C+ PekiTi dock, 

Morgan, RarrJett, BElver Spi'ii'g, MAp Pekin dock. 

Mortarlty, Mrs. Wm, R, Chevy Ctmoet Md n mhliR 
Mnllerp Mrs, R Wnahlngton, D. C., retl fos* 

Murray, M. L,, flllFor Spring, Mil.» 2 Pekin dncki. 

Mnsaer, Qeorgep Arlloiirton, Va., copperbcaA timber rattler, 

Myers, Howard A_^ Ullver Spring, Md.H brown caimcbin. 

National Imdltntp^ of Health, Bethenccla, Md., tbrongb Samuel Polley^ 13 niLnk$, 
13 ferrets. 

Nelson, Tburman M., Washington, D_ Cm fflcreodi owl. 

Nugents Eobert, Greenbeltp Md., oknok. 

OT>Gnneira Rostaornnt, tbroiigb Mr. Bnrger, Washington^ D. C.^ alligator. 
Pablow, MrfU M.. Waalilngton, D. 0., 2 Cumberland terrapins. 

ParaooB, Col. M, V.. Bethesds, Md., cardinal 
Payne, Jadr, Meant KnlnEer, Md., 2 Pekla dneko, 

Payne, Marie, WasbingtoD, D. red fox. 

Paytonp Mary Lee, North Arlington, Va.p chl^en^ Pekin dnek, 

PearaoUt S, H., araenhelt, Md., fmapidag turtle. 

Pemtlno, Mra. WlMlonip Silver Sinrtng, Md., 2 P^ln dneks. 

Pet House, Wauhlngton^ D* C., 4 ptnlrle dogs. 

FetrOp Afra. Joseph, Washington p D, Q., Pekin dock. 

Pickett, Lamar, Vienna, Va.p pigeon hawk. 

PlsTsky, Mra. E, R, TVasjthlfigton, D. C,, Amerlean crow. 

PottOTp Mm, Vergle, Washington p D. C,i 4 Pekin dneks. 

Powell, Mr. and Mrs. J. H., Washlngionp D, dp horned lltard. 

Preston, JobUp Mount riea?aiit, Pa.p platinum fox. 

Pnscy, George 0-i Falls Cbureh, Vs,, titi monkey. 

Eandalpbp Prank, Lnnluim, Md-, 4 American crows. 

Hmidolpb, Susan, Washington, D. C.. 2 Pekin ducks^ 

Heyp Mrs. Nqn Washington, D. Q., yellow'-nnped parrot.* 

Eelndclp John A.. Alexandria, Va., male miake. 


SccntLTI-'i RfflOrt, IWl—J 


Plate 3 



RECEffT x\E>I^ITiq3^$ TO TJI£ NAtlDSiAL ZllDLOaiCAL Fa%K CoLLEn 

Baby py^tny hip^opcUmuj {CMtmpsii i^rritMitti held by AiiiiUiiii lleadketpcf 
Rfttph AVqrria. T^C baby u knqwn a* ‘^Guffidrop XI ai it ii ike iwdlth py^my 
hlppoptiiamLii to be boro m the Zoa VouRff Borocun amalUiooihed civef 

IJrtiot^tdia irnrirtata). Lenpib of idutl* from lip ol noie to bale of tail, 17 m 21 
ipchct- The three contirtuoui blucli siripti on the back froni oeckin hipi dutinguiih 
them frcim the palm dvpr* of wnitwhat dmtlar appearance. (Photo 

Ijraplu by pTtioit P+ Wjllcefr) 
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JUnehart, Mwt, Arlington, rtibrtda enllinulc. 

Itabarts, Burt. WasliInKtoii. D. C.. 2 bam owIa 
K oberta, H., Wsslilngtaii, D. C-, mole snake. 

Rabins, Martin, Silver Rprlng, 11*1-. snaiiplng turtle. 
Rodban, Katlilrcoe, WtisUineton, D, C,, 2 Pekin dacka. 
Ro^r, J.. Betbesda. Aid., 0 black sDnkca. 

Rogers. Uia. MargOFcttc. laindorcr, Alil„ S albino ferreta* 
Rollins, J. W.. Uechanlcarllle, Aid., bald eagle. 

Rofcr, Scott, Bctbwda. Md., 2 black-widow splden. 
Rnbcnstcin, Stan, Wafiblngton, I>. O.. rabbit. 

Rnaael. It D-, TVaHhlOKton. D. C-, Nias wattled tajaab,* 
Ryan, Catby, Wssblngton, D. C,. rabbit 
Sakll, Patsy, Wasblnglon, D, C-, robin. 

Sallwan, Walter C-, Corona. Calif., tarantula. 

Sanders, btT«. V. L., Arlington, Va., 3 PebEn docks. 
Sonnders, Jconnle, Waebington, D. C.. Pekin dock. 
Schalde. P. P„ ArllngtoD, Va,. coomioo loon. 


Scbeld, Pal, atnl West, I}BTld, Chevy Chaae. lid., 2 ntoak tnrtles. 

Scbuliz, Theodore A., Woslilnston, I». C., bog noaed snake, desert mttler.* 
Schwab, R M., Richmond, Va., 4 BengnU finches. 

Scruggs, 'WlllEato. Wasblneton, D. C, enttontaU rabbit 
Scnrley, William, Bctlieada, Md-, 2 Pekin duck*, 

Seegera, Scott Ueljcan, To.. 2 blue Jaj'S.* 

Shepherd, Elsie M., Woshlngtoa. D. 0.. 2 black-cheeked tovebtrda.* canary.* 
SberwDod, W. Collen, and Murphy. A. Page, Pnlrfns, Va.. timber rattlesnake. 
Sbomette, Petty, Ijindover Hills, Md., amooth-scBled green Bnnke, 

8fdwell PrleDdaSchwl, 1iVashlnjRoii,l>. Ct, 5 raWiiU 

Slmonton, t. J„ Washington, D. Q., hamster. 

Sima, J. W., Hyattevine, Md., 3 grass imraheeta. 

Singer, Mrs, Bnrold, Washington, D. C.,2 Pekin dm-ks. 

Slooae, E, K., Norfolk, Va., least tern. 

Smith, Mrs. B. H.. Arlington, Va.. 2 rabbits. 

Smith, Mi«. C., Jr„ Arlington, Vo., 2 Pekin docka. 

Smith, Mra. C. W., Washington, D. C*. 2 Prfciii docks. 

Spangenberg, Enrl J. M., Tskomn Park, Md„ 2 opossnma. 

Sporks, P. W„ Bladensbnrg, Bid., banded kralt 2 Rnesell'a vipers, IBO Indian 
flnehee-* 


Spikes, It. A„ AlerandHa, B’a.. 3 homed llairda. 

Stanley, A. 0., Washington, D. G., 2 homed lizards. 

Steinbraker, Mrs. I/ouis, Alexandria, Va., margay eat 
Swaney, W, K., Falls Clitirch. Va., pilot black snake, 

Sweeney, h K, Slher Spring, Md., Pekin duck. 4 mallard ducks. 

Swift, Joseph M., Wa'riiiiurton, D- C., 2 Pekio ducks, 

I'ofier, Psnl. Rockville, M<l.. 2 twm owls, gray for. 

Taylor, Mary K., Washlogfon, D, C-, 2 bonded rats, , 

Thompson, Mrt^. Prancis B., Washington, D, G. double yellow-headed parrot.* 
Tliomton, Blra. Alien P., Washington, D. C., 2 Pekin ducks. 

Tnmher. Bill. Charlotte, N. C, Hanmdryns baboon. 

Twentieth Centnry-Pbx Stndlos, Washington, B. G, ksDgatne, 

Tyrrell, W. Bryaut, Tohoipn Park. Bid., 4 siuooth-Maled green snakes. 

United Slates Army Medleat Unit in Mnisyn, ihrongh U. Col. Robert T^ub 
Torongiitans, 2 smalt-toothed rivets, 4 forret badgers, 2 tree shrews. 4 Mount 
Klnnbain black rnhi. 1 Boraeaa poreuplne, 1 Bplncldss hedgebog. 
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United States CuEtonss, Wasblnftoi!, D. ClL^ 2 grass paralce^tSv" 

UDit€d States FLsb and Wlldltre Servlte: 

Tlirougb John IL Backalew, CamKrldee, lOd., Florida BandhiU eraiie. 
Hirongli Uardoer Bainp and State of Nevr filellco, t MncQuoea’a hiiatartlSh 
Through Veraou RkodahL, WLUon'a, Calif-i 5 Hntcfalna'a geeso, T vrhitfi^Croated 
lO fiiiQW IT ctickUng geesSiO* Hoss^a gaese, 2 wblitllhg awsjis, 
Throu^ili Dr. H, S. Moabyi Bmck^burg, Va,T fitpldea eaglo. 

UkrOugli Washiniii^onp D. C.p office^ wood rHL 
United States Qeologleal Sunr&y» WaBhlngtoOp D, throng I. Q, Sohn^ 2 
horadshoe i^tahs, 

Uatv^riiity of Colorado BdosomnK Boiddcr,^ fJdlo.p throu^ Hugo G. Itodoeh, S 
prairie rnttloBnitkes. 

Tan [>u3en, Capt. E#. H., Ptesldlo of Mimtereyp CaUf., AloxdPdrlnje pArakeat 
Tan TosboJ, l^dp San Antonio, Tcx.p 2 ribbon anakos,* garter snake,* swift llmrd.* 
Van Tassel, Edward, ArUngton, Va., copperhead Biiake.* 

Yasiquez, Albert, Arlington, Vb., black snake,* 

Vernon, J., Washington^ D. C,, sparrow hawk, 

Vli^n, ElIx^itHOtli, Waablngton^ D, aknnlL 

Yolgt, Paul, Waa^llDgtqp, D, C.* Pekin duck. 

Walknp, Joe, Lnndovpr, Aid-, tree frog. 

Walmsiej, Alan, Arlington, Va., gopher tortnlae. 

Watab^ Airs, Kotlet Washington, C-. red fox. 

Walton, ^trs. A. 1., Takoizui Fork, Mil., bine Jay. 

Warren, film Arthur!^, Falla Church, Ya., rabbit 
^VatklcLa, Jerry^ VVaabJngtou* G,+ hninsier* 

Wonyer, Mrs. East fllyerdale, Md., mecoon. 

Wolr, filrs. K. ELh Silver Springe, fild., worm snake. 

WellSh Dt, It^ T^iuma, WaBblngton, D. C-p sparrow bawk. 

Wbltaker, wmiam J.. WABhluglon. D, G.i AiiAtraUan black sivan. 

White, Mr., Richmond, Va.i Iton cub." 

White. Metvln, Jefferson Heights^ Md.tbaru awL 
Wliituian, Fhlly Laurel. Md., pitot black anokei 
Wicker, Nell, Che^^y CbnsOi Md.p 2 Pekin dnckA 
WIghtman, F. £., Green Meadows, Md., timber rattler. 

WlUlama, Arthur, Waghlngton^ O^p filuscovy duck. 

Williams, SylveAter^ Waabtngton, D. C., blnck racer, 2 mole snakesi 
Wilson, Steve and Tommy, Artlagton, Ya,, 3 box turtles, 2 PekLn ducks, 
Wlnklep Mm Barbara, Chevy Chase, Md.^ plc-d-btlied grebe, 

Witt, Bill, Arlington, Yr.+ fox sonke, kinE snake, box turtle, Holbrook king 
snake,* fox anoke,'* 2 bide racers,* pilot black aonke,* ribbon snake,* fence 
llxsird," 2 worm snakes," preen snake.* 

Wolf^ J.p Bellniead^ Mil, 2 mallard docks, 

Xanteit^ BUI, W'aahJnglorit G-p snapping turtle, aUlpatof. 

Yonng, Oliver B., Arlington, Ya,, snapping tarile. 

Ziist, Ralph and Jamea, Waatilngton+ D. G,, opoA^^um, 

Bmrm akh hatchik^s 

Aiiitmtis tliat are kept on esKibitioii are usuolly not under conditions 
that are mc^t favorable for breeding and raising young. However, 
occasionaDy young are born or hatched that are outstanding in their 
interest. The fo]lowing were produced in the Zoo during the fiscal 
year: 
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K4KMAU 




,—- - 

Bot __ 

niffrifront __ _ 

CtTTc^pi^ectfS aelhicpt 3a&a«n4 X €r 

C^vu* nippflrt-- -— 

CAewropffi* fi6eTf*r«4riii_, — — -- 

Carr]o^'^c«:u4 Aanuiin^cM— -— 

Dcirtta dama^ ___ _ _ 

Diui/procia prymnolopha^ __ 

Eri^ihTOcibfit poiEUT---^..- 

Fe^i* —- 

Ftli* ktf _ __ _ 

Giraff^i ca mthpardaliM - -— — 

Hipp&poiamttM 

H^drcpBi&9 inffrmit -- - 

rtuolia..^ __ _ 

fJamii §/ania___^ . 

Maroca -, -- 

Afutida _ _ 

Afipxattw csypm^^ _ _—-- 

OfiiofeJLftfut I'lr^/iianut^ __ —^- 

PotphaffUM _ 

Tdurofra^^uj oryx„^.-^ _ 

ThalAfckfM mdn'fiIntel X UriUM mid^ 

dfTidttrJfi^ 

Trtchotnru^ mdpecvtla ___ 

(reLl/etbia affiiiM _ _ __ 


Oommm na'Mf ^uttpjvr 

AOddtid.-.-...4 

British PArk cattle.__ ^ 

West HigblnTid cAttle _ 3 

Black4rontcd duiker.^ _ 3 

Gr^n gucEiDD X vervet guenon.^. 1 

Japaiii^ deer,___ 1 

Pygmy liippopotaniu3,„^_,__^^*_ J 

Hftmfrdryas babflou . 1 

Brown fbllcw deer.. _ 4 

WIdte fallow doer___ _ 3 

Agoiiti____ 2 

Pataa ^ _ _ _ __ I 

_ 3 

_5 

Nubian gSrAffh. _ _ i 

llEppopgtJlinue _ _ I 

Cynese w&ter deer ___ S 

Silky mamiDset^ ___— 2 

Llama_ 2 

Rhcsiia moakoj --- 2 

Femst-„„ . .. la 

Coypii^ __ 4 

Vireinia deer _ _ _ __ -- 1 

Yak..,. .. 1 

Elaud__1 

Hybrid bear^^^_^_ 4 

AtietraJIari long-eared oposaum - 3 

Agile waJlabj. _....- 2 


tlUhS 


, , _ jMftilard duck, 

Aniuj>latW>iVntJ»>* .. \\mte nmllArd duck.. 

Branta cdfutdcniu^_---- Caiiad* goose - 

C^nue __ _ _ T^'hooper ewan -- 

CflWui iuegter&wL.. .. .. 

(jmnaflfi frueemeldntt#-.— --— Nepal kaleege.. —— 

//dh'dftf f ui Ifticoctpholvt^ . - - - - - - Bflld eagle. - 

Lertfi natoMftd^^emdi'ae-SUver giilL .-......-. 

Sk^tffpdui jlreneuebdrico, . , . _ -- Bi ue-beaded ring dove 

Tarnfepygia tdiJaa<etj_.—- Zebra - _... 

7\^i4dma /ineo^tiia— ... - - Tiger bittern. , _^. 

PEPTILU 


B 

IZ 

19 

2 

1 

2 

1 

1 

2 

b 

4 


AQkiMirodon mokitrn. ... - — Cepperh#ad__ --... . -- 3 

A^djo in>udi(wi#.,.--- Indian cobras.--- 12 

It is gratifying to note tlint the jmv of mole rata 
lugardi} from soutlieasteni .A.frica raised two jouiig that weto bom 
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last year. These are little-kwown burrowing creatuxea that somewhat 
resemble the pocket gophers of South America but arc dark lead color 
with a large white blotch on the foreheads Their front teeth project 
CYen more than in most rodents and are used in burrowing^ 

MAINTENANCE AND IMPROVEMENTS 

The work of rehubilitating the large-mammal house, which was 
begun in the previous £^al year, was completed December 10,1951. 

Contract was let for the installation of ^oiie heat regnlatore in the 
small-mammal and reptile hoiise^ These should result in better eon- 
troi of the temperature than has heretofore been possible and should 
effect enough of a saving in heat to more than pay for tlie 
installation. 

Every working day of tlie construction and maintenance depart¬ 
ment involves not only the routine work of cleaning the buildings and 
grounds, unstopping sewers and drains that have become clogged, 
repairing leaky faucets, broken windows, cages, cage doors, cage locks, 
and iiuiuuierublQ other small items, but also additional jobs of some¬ 
what greater scope. The more unporiant of these during the fiscal 
year w^ere: 

1. Remodeled bear betweeu mooJcey bouse and lion house. 

2L DlsiinnntLed tour old woodca animal fllidtera und replucea them wltli new 
hrlck-couH.Telu eheUetei ia the line of oages above the reptUe houses 

Sv Made exteoslve reiiaii^ to all outside cages attached la tlio blrtl house, and 
painted them. 

•L Remodeled nine ea£eu Ln the Unch rooni at the hlrd house in new deslan^ with 
plate glass covering upper half and electric-weld wire fabric covering lower half 
of cagea. 

5. Applied bItumlnotiK eoniTcte to areas between road curbing and sEdewalks 
Along mala rcudwaj to prevent erosloDf elimlaate laiidp and danger of 

visitors' Btmubling la to traffic. 

9- InetaUed new elec^trlc water heaterR In anai!x No, 1 and In the lien houae. 

T. Made geaeraJ repaErs to 100 wooden [jark UeneRca. 

8^ Cost new concrete beach legs and arms and concrete ptcale~tab1e topsL 

a, Reimircd Iron work and plac^ new where needed, and applied three coats 
of paint on lan^ outdaoi' eagle cage. 

lO, Dismantled old wooden shelters and replaced them wjih new brtck-concrcte 
iheltera In large outdoor Bight cage. 

Made general repairs to boilers In the central heating plant, conduit ffjstoia« 
and heating sustains within the buildings- In the central heatlbg plant thU In- 
raired replaeemeat of aU Rra-boi toblng la the three boUers; deaniag and ptdat- 
lag the Interior and eiterlor of tho bollars; renew'ol of parts In the blaw-o^ 
valves ? replaecmeiLt of hnflle walls, grains^ and side hors. AU steam and electric 
puraps and traps la the boiler room were overhanled^ repaired and wora paitu 
replaced, aiid the tntenor of the boilof room was paLnted. Tbrongbout the 
keatfug STHtem un^rvlceable atoam Uees were replaced. Worn parts tn steani 
traps Were repaired and steam traps that were bes'ond repair were replaced wllb 
ucw ones. Worn parts In the vaeniun pumps were replaced where needecL 
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The fight to eradicate poison ivy in the Zoo grounds is being con¬ 
tinued. Tius pest has been almost completely eliminated in tJiose ports 
most frequented by the public, and control measures are being 
tended to more remote sectiona to keep it from spreading to areas 
used by Che public. Otbenrige tlie long-established policy of leaving 
the woodlands undisturbed is being foUowed- 

Over a period of years there has been a gradual increase in the 
amount of trimming of trees along the roads, walks, and paths, and in 
the exliibition area, Becanae of their great age, some of the trees 
are dying and must be cut den™. Others muat be trimmed to re¬ 
move dead or broken limbs which might fall and injure people or 
imiinalE, or damage automobiles or atructurea within tlic grounds. 

During the year a system was inaugurated of appointing tempo¬ 
rary Intermittent policemen to serve on Saturdays, Sundays, and holi¬ 
days during the seasons of unusually heavy attendance or to relieve 
regular men when necessary* Tliis plan is proving highly satisfac¬ 
tory, as it makes more men available for the few days of the year 
when they are most urgently needed witliout maintaining a large 
permanent forcc^ 

As in previous years the Zoo received gifts of various kinds of 
food that could not be sold for human consumption but was suitable 
for animals. This helps considerably to hold purchases to a minimum^ 
Among the many kinds of such foods were ST,000 pounds of frozen 
skinned rabbits, frozen strawberries, frosen kale, and butter. Out¬ 
standing aid in supplying such material was given by W. Bruce 
Matthews, United States Marshol, who turned over footl that was 
condemned through the courts, A considerable assortment came 
also from the Safeway Stores, Inc., which had suffered a fire at one 
of its establishmeuta» From other sources there came 21 bags of 
English walnuts, 600 pounds of candy, 3,200 pounds of dog food, 35 
cases of assorted baby food, 46 ca&( 2 s of egg noodles, 15 cases of maca¬ 
roni, 100 cases of assorted dog and cat food, 4J50 pounds of turnips, 
and some avocados. The General Services Administration donated 
36 cases of prunes no longer suitable for human consumptioii. Tho 
Figh and Wildlife Service sent the Zoo more than 200 four-week-old 
chicks that had been used in certain c.tperiments but were still suit¬ 
able for animal food. Tlic National Institutes of Health, Navy Med¬ 
ical Center, and Army Medical Center gave mice, rats, guinea pigs, 
rabbits, and other animals no longer suitable for their purposes. 
Tho practice has been continued of picking np from grocery stores 
in the vicinity of the Zoo quantiti^ of discarded green material ouch 
as cabbage, cauliflower, lettuce, beet tops, and celery stalks. This 
provides an abundance of greens for the animals and helps reduce 
purchase of such foods. 
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VISITORS 

The estimated nuinber of visitorg to the Zoo was 3,S9i,5fii)j or 
ie5,831 less than for the year 1951, a decrense due mainly to incle¬ 
ment weather in the spring of 1952, particularly oti week ends and 
holidays, which deterred persons from the District of Columbia, Mary¬ 
land, and Virginia from visiting the Zoo. There was little change, 
Iiowever, in the record of automobile attendance and groups coming 
by bus. 

EsUmiiitd nunib^r of iPk^tor$ for peor 1$$^ 


July (1051) -- 40&.000 

Angttat,. - 4flO,ODO 

_ 3 T 9 , HOP 

Octolr>er^ __ — 311^ 200 

— - -— “ -- - 

D^eQdbf^r _ __ _ 

Janu^r; 105pSrtO 


Febrnarj_—___^— 13S.OOO 

Mmrtli-.-—- 147, ®^pO 

April _ 344 p 710 

Mity_-____ S30, rm 

_ 341 . BOP 


Total-^____3^ KW, SCO 


Groups came to the Zoo from schools in Canada and 32 States, some 
as far away as Maine, Florida, Oklahoma, Kansas, and South Dakota. 
This was an increase of 31 groups and 7,S74 in^riduals in groups 


over last year. 
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About 2 p. m. each day the cats then parked in the Zoo are counted by 
the Zoo police and listed according to the State, Territory, or country 
from which they came. This is, of course, not a census of tlie cars 
coming to the Zoo but is valuable in showing the percentage of attend¬ 
ance, by States, of people in private automobiles. Many of the District 
of Columbia, Maryland, and Virginia cars come to the Zoo to bring 
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guests from other States, Tlie tahulatiou for the fiscal year 1953 is as 
follows: 


percent 

Wesaint^taQ, D. C- ,——— - 31.0 

Atfirrlaad _ _ _ 22,3 

. —. 13.0 

PcunsylTiinia _ _ 4.3 

New Y 0 f!t„,- fl-O 

Nortb CarvUn*-,_* 2. 3 


FtfKnf 

Ohig. ___— *— L T 

Weat Ylrg^&ift --- —-- L £i 

New Jersey ____ —— 1.4 

MuKKiieliufi&tts _______ _ 1- 0 

__ ___ . & 

J11X11018, --- -- *B 


The cal's that made up the remaining 11.2 percent came from erery 
one of the remaining States, as well as from Africa, Alaska, Australia, 
Austria, Canal Zone, Cuba, El Salvador, England, Germany, Guam, 
Guatemala, Hawaii, Hondurss, Japan, Mexico, Kowfoundlaixd, the 
Philippines, Puerto Hico, and the Virgin Islands. 

On the days of small altendan™ there are cars parked in the Zoo 
from at least 15 States, Territories, Uie District, and foreign countries. 
On nverage days thera arc cars from about 22 States, Territories, the 
District, and foreign countries; and during the periods of greatest 
attendance tlie care represent not less than 34 different regionsL 


NEEDS OF THE ZOO 

Keplacement of antiquated structures that have long since ceased to 
bo suitable for the puqmsea for which they are used is still the prin¬ 
cipal need of the Zoo, Tlio more urgently needed buildings are: (1) 
A now administration building to replace the 147-year-old historic 
landmark now in use os an office building but which is ueitiier suitably 
located nor well adapted for the purpose; (2) a new building to house 
antelopes and other medium-sized hoofed animals that require a 
heated building; and ^3) a fireproof service building for receiving 
shipments of animals, quarantining animahi, and caring for animals in 
ill health or those Diat cannot bo placed on exhibition. 

It would be good economy in the long run to extend the steam 
conduit from the large-mammal house to the bird house, at an esti¬ 
mated coat of shout SS5,000. This would not only bring about a re¬ 
duction in actual heating cost hut would obviate boiler repairs and 
replacements that may be necessary very soon, as two of tlie boilers 
are 25 years old. 

Tliere is need for a veterinarian who can devote hia entire time to 
assisting the animal department in selecting suitable presenting 

foods to the animals in a satisfactory manner, practicing preventive 
medicine, and making autopsies to determine causes of death. The 
salaty and operating cost for a veterinarian would be o go^ invest¬ 
ment, for with professional care the lives of many animals in the Zoo 
would undoubtedly be lengthened. 
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The steadily inereasing popularity of the Zoo, as a souiice of both 
entertainmejit and education, has depeloped such a volume of requcats 
for information that there is noT? need for an additional Bcientist to 
share the load of answering queries and to assist in otlier adminiEtra- 
tive work so that the Director and Assistant Director can devote more 
time to general supervision of the Zoo and attention to visitors, 

AMMAIS IN THE COLLECTION JUNE 30. 1952 

UAMUALS 

HaitOTnEMATA 


SeUmii^ name iiaM e ^hi*i fcer 

TAcbygloflsidH: 

-Kctiidna, or spiny imteater- t 


UAHSHTiALIA 

Didciphiidae: 

Cfl/irramiffl __ Woolly opossum.--. .. 

Didelphtt - -- Opossum- --- 

Mfli-BiMa __ Murine fjpwaimi..--- .. 

__- Murine i>po<fluui. .. 

Phalange rfdae: 

PfJauruf Australian flying phatanger^ -- 

Trit:hcsurus vulptcvla _Australian long^^jwl apossum—. 

Maoropodidoe: 

DendrolaitHi ^Guinea tree kmigaroo„__„ 

{ Gr^t ifray kangaroo.— -- - 

Albino gr^iat gray kangaroo....-_ 

Aiocrepi«ro&ii*(ta-^^— - ^ Euro waHaroo™..-,-..,.,-..— 

MampuM . . . Great red kaiigaroo --- 

Widlabia _ - . - Agile wallaby.^-- ... 

miMAtES 

Tupaiidae; 

T^ptti Bwn^aaa baiu-euw _----- Kinabalu tree shrev -- 

Lemuridae: 

jLcihut iFiiUciii^e,- _Afioumba leniur_— 

Lemur fflongat ____ __ MongoOfie lemur-—--*- 

Lorisidae^ 

mmeang __ __ Slow loria—^-.-.--- 

Ccbldae: 

i4c.fc£f P^iiVpaJfcM__ _ DoutouconlSp or night monkej,^„ 

A£tla groj'rop’ pfJlcroffu*..._^- — Spider monkey.^ -- -— 

Ce&iii ^pe£fa----P sIh capiicliin._.-.*----i--*----*- 

C«£rui tapiidfiui . .. White-tbfoated capuchiD-^.^^^, 

—— — - Weeping tapuchLn-„,, .,_,__„_ 

bi^CriiAa._ _ Woolly monkey —- -- - 

Callitbricidac: 

___ _ Silky or lion-headed £nartno#ot^ , _ 

5o*jnm KitirtMta—— -- Siqulrnel monkey —. 
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COMMON name 


Numhtr 


CtircapitlieciflM: 

CercJW^-bwj affiriwitf-- - 

fvUffinoniM - -— - 

Ctfr«p*tA«uj d-iAfflp» 

Cercopiihtt^9 aethiopt ubofuj.^w. 
CtT^piihtctiM aeihtQps $abaeus K 
C p^garyikruM^ 

Ccrotirpi'lA^cif* c€phu$ — - 

CercdjH^fcwr d(ana^^ -- - 

Cercvpiih^^* cJiflna ro/ffiHiW------ 

CercdpithATua -- 

CtfTcepi^^^cui n£difdfi4 pti^uniia^- 
C^reopitheci^ prniMi— — 

Coltftnii po^^fedJne* - - -- 

ComapiihtcuM homadrjfot - -- 

firtMrwettri pd(ai-w — 
x^/a£fE£0 irtfir—^ -- — —> 

Jl/oca^a trwt wtijrdfli - - — 

AfocffiMi —--, , ^ r — 

itfoeOf-a fFiowrui,^---^ —— --- 

Mofdea fnij^d4f4„.^.^ —-- - 

Macocd taJtflestrtnd..,- 

Macaca phitipjnnmEi^ ___ 

Maaica -- 

jUoWd tpraow,, --- 

. -- 

Afan4{rii^^ ieuciopAoeut-^^^ - 

Afafu(rv7it(l tpAinr - - - 

Papid —- --- 

Papid q/nflc^Aafui - - - 

PTtMb^ii^ --- 

Pongidnc: 

H^jli^boUa offitu X //. ^ar piUaitd. 

/ipFdbofei -- 

tli^hhata - ---- 

Pan - - 

Paqjfd p^Epmaexfj — -- 


Bla?k-{!rested maiigftbcy^^^ - 

Sooty mangabey^^ - - -- 

Velvet gu<!£Don^-^---^ _ _ _ 

Green pionon- - 

Hybiiilp Ereen guenoti X vorvet 
gUflDOn. 

^loiidtached gueaon- 

Diana monkey _ _— - 

Roloway monkey - - - 

l>e guenon —-- 

Lesser vlif te-noscd gtieuon. - 

PreuBsl’a guwion,-^ - - - 

White-tailed oolobus- - 

Eamadryaa hiboou. ——---- 

Pat&e trtoufeey—- 

Cmb-eating macf quo - 

iavu] mAcaquo- -- --- 

Chlncie mfictiquo— --- 

Moor maenque^ _ __ _ 

Rhe^^ua monkey .. 

Pig-telted monkey --- 

Philippine nmcaquo.^--. _— 

Toque, or bonnet monkey ^ ^ — - - 

Rod-faDed mAC.aquo.-* - 

Barbary ape. ...-- 

Drill ... 

^^afldI^II _ - 

Ghactea babeton.. —- 

Golden bAbocn__ --—,- 

phayro'a lenguf- ^ -- 

Hybrid gibbon -- — - 

Eoolock gibbon --- 

White-hakdod g[bbon_^ - — 

Chimpanree^ ---- 

Ci™ngiitJin.,_^_^ - 


2 
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3 
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1 
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Myrmecophagidae; 

Aflfrmec^pha^ tridadylo 
Brady podidae; 

C^oFe^pu* duforfyfH*- 

Daaypodidae: 

rkoriapArariv^ 


Leporfdae: 

Chydoiaffu* euntcidu*^,- 
Sylvita^t JtQriditn.UM - _ w 


WESTATA 

. Giant anteater^ ------ 

Two-toed elofch_. —— - -— 

Hairy annadtllo - - - - 

LACONioarnA 

Domestic rabbi __ — 

_ CSottontali rabbit..,-— .---- 
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KODEKTU 




nani« 




Scliirldae: 

cankepi _ _ __ _ 

CoJ^»pernt0^A^|ut ^ . - - .- - 

CflJ^offjMrnwjifrfciVui iaifralis chryso~ 

Cikltm bftchtj/i iouglf^tii __ — 

C|/iian?v^ !tidffl*icianuf __ 

Afar^ata — 

fViTJit&i — 

netcromyidae: 

Diptfdi^myM micropt ____ 

Cric«tidae: 

G^Thillu^ pt^ramidum -- 

Mesocncf^iit auraiu^M - 
iV^iOfan^a Upida—^^ —**^>^*«*>>- 

Oftdatra tibnhicuM^—^ ---- 

Pcr&fnyfru# nafli'ftjtelijA Aonori^- 
nt* 

TfUem tchinsi thircnst ^ . _ ,. ^, 

Murids: 

_ _ _ 

CncriQUi ___ 

Affltfiajnj/jr c&ittiha- - - 

Aftii - —-— 

/^WMwmyi - 

I'n/'rflfatflHt ___ _ — ^-- 

Bamn norvefficu* __ ___ 

Railus _____ 

HyBt^l^sirlE€: 

Acanihion bnchyuram^ __ 

//yjfrir galtala __ 

THchyt 

ErsthiEOTitSdaos 

C«fid4m Cor rofA^ 

Sf^AiVdt). 

Ci^viidap: 

Cdi^a por«Z?Eij__^^_ ^ _ 

DasyproctidBc: 

Cunk^iui _ 

Daxypr^a punrfo/d ____ 

Z>aff|/pr<3r;{] __ 

ChinchillidAe: 

CAtric^ii/a cAinrACf/a__ ___ 

lidj^'diu m viicacda^^- ^^_ , ___ _ 
CapromyidAo; 

A/ycHMUfilr e&ppus^ ___ 

Cten(^ffiyid*e: 

Rp — _ __ _ _ 


Soutbf^m AaIaMc aqylirel-___ _ 

Altdi^o i^lden-nifiiitled grouDcl 
Dqiiirrc]. 

GoIden-mAntlcd iround squirreL. 

Doui^laa^fl ground _ 

PlntfLi prniiie dog. . . 

Woodcbuckp or ground hog_„ 

Efi^tem chipmunk___ 

Siimll-fn^^cd kangaroo rat___ 

Pyramtd gcrbO, __ _ 

Coidon ham^tor _ _ __ 

Fact rat—___ 

Muskrat ____ _ 

Sonoran vfbite-footcd moua^^ _ 

NyasaJand gerbil_ __ 

Eg^^ptian spiny mouAO-w _ 

Giant ponohed lat__ _ __ 

Multlmarntnatn iiiou«._^ 

Whlt« and other domissticr inici?___ 

Slender-tailed cloud _ 

Kinabalu giant rat_^^_ _ 

Hooded rat ^ , _ _ _ _ _, 

White rat._____ 

Large epiny-hackod tree rat,,,,_ 

Malay porcupine _ , _ , ___ 

African porcupine,___ 

BortLcaa poi ctipine^*^-_ _ __ 

FTebensile-talled porcupine _ 


Guinea pig____ __ 

Paca^ _ _ _ _ __ 

Sptcklod agouti .. 

Agnuti .. 

Chinchilla^ _____ 

Peruvian viscacha _ __ _ _ 

Coypii,.--._.__ _ 

Tiioo-tuoo^^ _ _ ___ _ 


1 

I 

1 

2 

15 

6 

2 

i 

1 

10 

1 

i 

1 

\ 

12 

5 

1 

JO 

4 

1 

2 
2 

1 

3 

2 
I 

I 


15 

4 

2 

7 

1 

1 

$ 

I 
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EcUimyldAe'. 

Sur|/x^fOTnEiifomys 
Thiy onOEo^'ldBe: 

TTfersfoiiomyi *teiwdenflniit_. 
BatiiyergiilM: 


ndM'A 

_ Eiiry^rgottMitoiiiyB- 

, Ciitie 

, Mol« rat--- - 


cjjurt^'o^ 




I 

I 

4 


Canldn^. 

Ccn^ snfJsrdtcUM^ - - 

Csn(* iatfanA - 

Canit ntQer - 

FmaneruJ ter^a - 

jV^ttercwiet prwycmotVrt . _ 
Otot^on m^firalo/iV . w - - - - - - 
Kfintircfi_ 

t/riMyCT» . 

KljlipM /iiJpii-.^* - — --- 

Ursidae. 

^uarc^ omerkoniii, w,-- 
HdordOM ftMjiayonijj —^ 

inan'Jifraix*_^_-. 

JlioiarcloM matitimitt X 
mi^d^ndarffi^ 

TVcfttarcJoi HffTicitU*- — - - - ^ 

f/rtui £irddi-- —--- 

C/fiu-i arpfj:>t occid^nfoFit - 

t/miJ - ---- 

UrtuM hcrrihidM-^ - 

[/rtv4 midcifndorjfS --w^ 

Urwut — 

Utmua sp---— 
Pro^ryonidft^: 

£i:ai»n«<Mri 

NaitiQ ftariai---------- 

A^ottid nriaffiii—- - 

Potflj ---- 

FoJflf —- 

/^{HTfon io^43r_ 


__ Dfugo - - - 

Coyotc__*-_-^^-- - 

_ _ Tcjcas rod wolf^------ 

_ _ Fenpoc foi^ 

^ _ Haccoon dog. - - 

,_Big-eei-od fox- ^ —,,— 

_ _ Buflhdog^--- - —-- 

__ Gray fox— --— 

plod ros„ _— — 

IStIvar , 

B3*ck bear —^-^—--- 
Malay or auft bear.--- 

_ nSmalayan bear.-,--- 

Polar baar_^^^ __ 

Urtui [Hybrid bear- 

IHybrlii bear^ second ganeritf on _ _ 

_ Bpectaded baar^ --- 

Euiflpcan brown IjeaTw.,- -—-- - 

__Syrian brown beax-^- — - - 

Aiaaltan panmBUla bear- -- 

__ €r!xily bear ---- 

__ _ Kodiak bear^--- - - - - 

^ BUka brown baar- - - -— -- 

_ _ Alaska brown bear -- 

__ ElngtaU. orcacomiatlo,^* - 

CoatSniiindL„^ - - - 

T^jRlHflti^B coatimtmdi-- -- 

___ Kinkajou,^__ — 

Dw'arf kiakajou--^---— - 

Raccoon - - 

Black faccoon,-,,,,^— - - - 

Albino raccoon,-,-, - 



MiuitalidAe: 

Xufro caanadflwit 

Mil^ mele* lepforyiicAut— — 

Mvphiiu mtphiiU ntfffO-- 

Afutfela cifrrmflnnj-^— .----- 

H/UF ff /ia frtrwHt fWPftOrO«ll*lt. 

j\fu«lc(o tiMn- -- 

Spilo^fdt pitenax- -— 

Tafidro -^---. 


Florida ottar^ ----—^-■ 

CbinoK badger-,, 

__ Gkunk ...—. . 

|Fenrat_^ ----- 

‘"'lAJhino ferret^----^ -,__^----w 

.— Weaflcl_ *__ — ^--- 

Mink,-.. —— - - - — 

Cftlifomia Bpott«d akonk^^ - 

Amarican badges - - --- 


1 

3 

2 

3 
5 

4 
2 

13 

2 

5 

3 
t 
1 
1 

4 
1 

1 
1 

2 
2 
2 
1 
3 
1 

1 

3 
1 
b 
2 

24 

4 
I 

1 
1 

11 

10 

2 
2 
1 
1 

5 
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VS verrfdHfi: 

/rcto(]raJi^ia CnVor^ola sJc^mofiVo.. 

Ci'peWiclii ^- -- 

^/Msorebui V&icup*:lcJ 

SmaU-Loothed dvot. __ 

African 

KuiSimanae-..-.- __ 

Gihella iigrinuB^ _ _ _ 

Genet^^^^ _ __* 

AT^enoE aen^unrui _ _ ___ 

Noiidinia birtd^ofa^ ^ ^ - 

Dwarf oivot*-^ ^ 

African palm dvot_-^_ ,,, , 

ViVerra ^ 

Ground el vet_ ____ 

HynenldAe: 

Crocuta oreruat _ 

Felidne: 

FiiiM chauM^^ _ ____ _ _ 

East AfjicoD Spotted . 

Jungle cat ____ _ 

F^lu coneslor^ __ - 

Puma.__^_____ 

FttU ctni£0lor X F. e. pofa^nt^_ 

Feiit ieo _ 

n^biidr Keith Aincricaii puma X 
South American pumtiL 
lian___ 

Fvlit 

Jagiiar__^___ 

Filta pardaliM * 

Fefu pard^_ _ , 

Ocelot____ 

African leopard-..-^----.. 

^ij^'iidl____ 

Margaj cat^ * ___ 

Fiiia ii^rtM _ _ _,_ _ 

Bengal 

Ftlia lii^ru lumaJraf .^^^ __ 

Sutnatron tiger ^ ___ - 

Herpailurtia ^a^oriindi ^ ^ 

YagtJiuimdJ^ _ _ _ _ 

OncifeitM ^ 

Oncitift jwrrdiwirfee... 

Geoffro^'a cat,^--— -- 

Leaser dger cat_^_--^ —--- 

rtumroiiA 

OtariSdoe: 

^al/ynhtM* Mlitfumiurttut. CalifOTllla ACa^llon._ __ 

Phoddae: 

PAora . __ _ 

Ilftrbor acaj_,,^ _ ___ 


KambEF 

1 
I 
1 
3 
1 
I 
1 


Ory^ctertipodidao; 

Vi ftftt - - 


TinOUDErfTATA 

__ AA-rdvarlEn or ant bear. 


njoioacmu 

El&plianLidae: 

EZepAat maximum __ —— AElntic elephant.. 

Loxodonta ofricona _ _ Afiican cJcphAht.. 


r&ussoDAcnrLA 

Equidac: 

Equiit burchtnij ci*l(fffiiprum * _ _-_ ^ ChapruAD'E Eebra, _ 

bur^rifii bcAfR}- __- Gnnt^s zebra ______ 

Equua _ _ Horse _ _ _-____ 

E^iit __ — AaLatlc wild aas, or kiang, 

Egi^uj _ _ ___ Onager _ __ ____ 

/^uy< prutmtiiLii._ __ __ ^foDgQliaIL wild hor^._ _ 

RliinooerotidAe: 

j>icrrQi 6wrflxi ___ African rhjnoccroa.-^ __ __ 

Mmoreriw «aiec?rnH_ _- - Groat IndJan Dne-horhcd rblncK^ 

«roa. 


1 


3 

1 


1 

a 

I 

1 
1 

2 

1 

1 


to ca «a CO 
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JUrtlDfUCTTU 


SeitnHflii Piamfl 


I7<rpf (Ptm 




Suidae: 

PiaMcAcwntJ affiAiaptciH 

Sum - - - 

TAyasauidafi: 

Tayajmi fiycKTl-,----- —--■ 

Hippcpctojujdae: 

amphibiuM _ « ^ ^ . 

CamelidM: 

badrviiwjfl-w------ ---- 

rfroinfiJflHusT ., - - - - - T- 

Lama -- -- — - 

Lama (rfaMa ^juartitOM-- -- 

Z^iTia pflflM - - ——- 

yicupFia tticuffna --- 

Cen'idac: 

Atia axi $^^-^-~ — 

catiadewiV --- — 

Crrvvd —---- 

CmuM mpp{m,— - - - 

Carvus ftipp<m - 

J>ama fJojwfl,-- -- - —^- 

H^fdropoUa ^ .- 

A/amma laTttfrtt— --— 

OdocPtTfUs rtr^’nianT*«_, - - 

GiralBdAe: 

draff a camaliFpardalit — ^ - 

Giraffa Kiiciilofo—- - 

Bovldae: 

Bibo* - - - 

J?iFun -- —- — - 

Bf}* indicua —- - 

iimrui.---— 

fiuboZuj ftulKjlii--- — 

Capm (WjfaffTui , - 

C>pAalopAii4 ifuaweUii- ---- 

ihmitroifUM itvdahicu*^^^ - 

Orjfj^ IfU^Oryr^--^-^ - 

Orii ortM^-w^- - 

Om 4!iirop««i----—- - 

Patphapia graani«M-- -- 

- - 

SjftictTut caffiT - --- 

Taurofropia iMiir-— ---------- 


, Eaet Afriefln irart hog...-- -— 

_ EuropeftH wild - 

^ CoUared poccary-- ——^___^- 

PygJiCLy hip|iOpotainua- -- — 

_ HsppflpotiKima_ __—-—--- 

^ Bactiiati caineU.--- - 

_ Bin^e-limBped 

_ Uikma*__w. -- 

_ Guanacc>- --- 

_ Alpaca- --- 

_ ____—-- 

Alia deer-.-— -- 

.. American elk- --^--- 

_ Red dear - - - 

_ Japaneae deer-..-- --- 

._ DybowBky^s deer.-^ --- 

fFalloTT dee?.. - - - 

■’\WMfcft fallauf dcer-...-------^^- 

„ CtiPMS water deer- . --- 

Maiania. — — - - —— 

Virgiaia doer-- 

Nubian gwaJfe- ...... — — - 

,, Reticulated ^raffe --- 

__ Aoudad-^ —- - -- 

Gaur_ — - - ._--- 

American biaon -— 

^biu —.^---..- --- 

jWeat BSghlaiid ar Kyloe cattle..- 

’’IBritiah Park cattle..—--- 

Water buffalo-.-------*^------' 

Agrtmi geat -- -- 

__ Mastwfiira duiker.. -- —^ . ..- 

BiMk-fronteddulker.«.— -- 

_ mr_„. --—.— 

__ Arabian 0171 ------ --.---- 

Woflltesfl ibeep. -- — - 

,,, Mouflon-.-, - -- — 

Yak.._* 

Bbarai or blue ibeep---- 

African buffalo.--- —-*— 

Eland-- - 


2 

1 

2 
9 


2 

2 

4 

3 

4 
1 

1 

B 

1 

4 

2 
15 
IS 

6 

2 

5 

5 

1 

21 

5 

9 

2 
S 
B 
2 
1 
1 
2 
2 

1 
t 
! 
5 
L 

2 
a 

























































116 ANNtrAI, EETfORT SMITHSONIAN INSTnUTION, 

BlRm 

SPHtmarmuM^ 

Qommom namv 


nABW 

Sphenisendoe: 

Spktnittu^ _ Jackass penguJn._,,, 

hvtnMdii -- Hutnbcldt's pfiDguin^ 

mvmio^ow es 

Stnithionidac: 

StrtiikCa c«iniWu$, Ostrich 


RHCUGRUES 

Rhcidso: 

Rhta CominDii rhea.. 


€49i;iiAa^i^aito 

C&fiu&riidoc: 

Coiu^m’ut cottfan'ur Am caasowi^__ 

C»W11M lifiappflidituf <vcip~ lAlftnd cbsk} w'ary^ ^ ^ ^ _ 
iioii*. 

Catusfiui utiapp0ncficufdlu4 un- One-^attied caBsoWary_ 

apprndi'c^a^ap. 

DromiceLId&e: 

Z?rf)infceiu4 fiPmeAs^nduuL-^^_ CvmwoTi --- 


TTTrAHIfOilMQ 

Tinamidoe: 

Crfp^ur</!ui SaJIe's tiiiainou_^_,^_. 

Cr^tire;fifi44 _Santa Marta tinaiiiQU. 

Grypftrr^tii MUf _^ ^ IJltjo ti ramou 


rELzcA;«iromMia 

PeJecanidaB: 

Pe/«aaiw «ryMr^ApTicA«i __ TThito pellcaJQ _ _ 

Pe/Kfl nu* 0 cddtnMli$ ^ddmialis^- Brown pelf can _ _ __ 

P^tcQnu* onixroiuiu*^.^^^^ _ _ Old World wlutQ p^ean. 

Bulidaes 

SvI^ Blue-fftoed boobj„____^. 

Phalacrocoracidac: 

PAafoo-ffcsrox surtYut a/Aca?/a/v« FaralloD cormorant. _ . . _. 


acoimroEHCl 

Ardeidao: 

AnUa AiTodiai. Great bln# heron. 

tf]fdnxnaua iricdor Loulifana heron_ _ 

£«vcopAoyz tAufa .. Scowy _ 

NotopKttyx novaeholhndm. _ _ _ l^lifte-raced heron. . _ . 

NjfCiaTituta Ye]low-crowned affdit heron, 

Nyciicorax tLyrtuorax hoa&ili^ . Btack-crowoed night beron,, 

TiffrUoma (incahim- ___ Tiger 


2 

2 

2 


2 

1 

2 

1 

1 

2» 

3 
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MtilmtiJIc noppiH^ 

fioio^rupt --- 

Cocblft&riidfle: 

<7i(?C^eartiii -^. 

Ciconlida^: 

----—- 

i>itioura epiaaspuj- * - — - - - 

IbU rtnercut_ 

Jsbim Jrtvclm®. 

LtptQptii^t fTumjni/crtii,,--^. 

Lept^ptilv-w *- 

M^cieria -- 

Three iLiomithidAe i 

Otivu ^ 

Guqth ofAa X C?* niifem- 

(rufl^ ru^fo__— 

7%r«4jti4>mu rufanocepAafo- 

Thmtkiomia tpiniccUi*^^^^^^ 
Fhoen Lcopteiid A£: 
f'Afltniwpterui 
PAefi^iC£}p^ruj 

PM«ntc<rpterttJ ru^-- — - 


ndnitf 

_ Bboebm..„„-. .. I 

_ Boat-billed beroo^^ - 1 

Wbito 1 

_ Wwliy-necked slork.—— --- J 

_ Malay ill painted I 

Jobiru-^.-^^ ---— - ^ 

Mar&bQu_._.--w*,^.—- —— 1 

._ Indlsiii adjutant __ 1 

._ Le^r adjutant - ^ 

^’liite ibia _ _ —-- ^ 

„ Hyfaridp TTliite iblfl X Mailetibl#,^ 1 

„ Scarlet -------— 3 

._ Bl&ck-headed - -— 1 

Slrtw'-necked ibie...-..^ — -- I 

__ Old World llaniiDgo^ _ _ — 2 

Chilean Handngo^— -- S 

._ Cuban damingP-.,^ - ^ 


aT^schifoaues 


AnhJmidae: 

CAatfUd tcr^uo^d. - _ -n,, - - Creisted Ecreamer^. - 

Anatidaa: 

Aix - - - Wood dtjok . 

jlnMbrdn^?enj«,__^— _ — Bttuilian teal, . .. . 

[Mallard duck_^-.—__-. - - 

Afltu T,i*IUfd 

^not plafprAyncAcn X Hybrid^ miallaftl duck X plntatl 

at^ta. duct. 

Ana^ plcl]frh]fnck&t _ Pekin duck -- ^ ^ -- - ^ - - 

Anfsa piwdiorApncib^.-—— — — Indian apotted-bDI diiclc_^ 

dnMnifcn>rt_— .. . duet_..,- .. 

>inicr af&^refi4_ _ — __ Wbite-fronlcd 

j4piwf iilAi/rona aubap_ _ Greenland whitfr-fronted goos*.^. 

i4n«r OJWT — Toulouee go^ .. 

^nicmnoi «niipalmaia,,-___w-^, AualrAllan pied goose. 

Usaer Be*tip__, - — 

A]fihva JuliQtda. .. . Tufted duck._™.—— - 

Attih:;<t vQlitin^- .. Canvaaback duck__,_.^^. - - 

Bmnia OTjMidfn*tJ__^.. - - — ^ — Canada gooee.. .. ^ 

BFania carud^tiJ WTiitensheeked 

Pr^TAta canadensu X CAfli catru^ Hybrid, Canada goc^e X blue 


Icsreat, 

Prqata AuteAiari*!- 

£[rcinla AutcAtftfi* fninimo.-w —-- 

^rantq ruficoiliB^ -- - - 

CoiWrui inoffrAji^u _ —- - 

Cer«>pm lueaeAuJ^ndra^- . - - 


gOOfl*. 

Hutehins's _—^w^- - 

Cafkling gooM_,..^_-- 

Bod-breasted -- 

MUflcovy duek^ __ —---— ^w 

Cape Damn gooee.. --- - 


3 

3 

1 

S2 

3 

1 

60 

2 

3 
$ 

1 

o 

«F 

1 

1 

1 

2 

3S 

12 

2 

4 

2G 

2 

4 
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name 

Anatidac—Contin u«L 
Cbfn 

Chtn }trjperlM>rea _ 

CUn rtw-^___ 

CA«rtopi> - 

Chlo€phc^ £eu«f»torKi.., 

C^H^rofra ccHCffT^. 

CyQTiopnt 

Cs/^iij C{}juinbtania-._ 

Dafiia 

Dafila. 

P^ndrcryfffia auh^mno^f) 

FuZo^eid _- 

Manca ammcafid-- 

Mpj!ff;?miia ^ _ 

NetUi 

NtUion caTottn^fu& __ 

Pt^r^pteruM gambit aHs, 
Qu^qu^ula ct^anaptn-a, 
OiKT^duia ducvrv. . ^ _ 
TadttPfia lodonta . * ^* 


Cfl-Minon name 

Smw _ 

LesMT MOW gioOse__,^,^^,, 

Koss^a MOW ^ooAo.^ __ 

_, Black awao^,, ___ 

,, Uplaad _ _ _ _ 

_ 

_ _ Domceti e awan-gooso ^ ^ , 

\MibtUiig awaii__^_,^ __ 

WboOpar __ 

FuitaD_ _____ 

_Cbiloan pintaii _ _ _ _ 

__ BlackdielUed tree duck 
__ Bar-liifadod 

__ BaldpAte___ _ 

Rosy-billed pcKliiird __^__,_ 

Red-created pocihard^^ _ 

__ Grean-nln^cd tc*|^ _ ___ 

Spuj^^-inged goose^-.^.._._ 

-- CiDnainon teal_. _ __ 

Blue-winged teal, 
Sbei]drake_„,,,^__ __ 


fAtCOIiirOIUt£3 


CaLliartidae; 

Coihariet aura,.,,,, , _ _ 

Coro^yp« 

Opp§ rucppdlL^^^ _ __ 

^omrampAatr papa. __^ 

Vtt/lur flTfpAtfa-,, ___ - 

SagSttaHldae: 

pJci^iOnua «rpffnian'i«.^^__ 
Acdpitridae: 

^^i7a chrptfuUye canadtnti^, 

BuUo /uaccffcpfu, , ___ ^ 

Bui<o jarnaiemtit^ __ ^ __ 

Bu^ ItAeaiui fineafw,,,^ _ 

BuieQ pMyptinu^ _ _ _ 

Butco p«dlotArou«__ __ 

Ruiio tuawoTii _ __ 

Hoiia^efut leucoctphalui __ 

HalwetuM hucoffotier _ 

ffaliiuetut {e^eor^phus _ 

induE^-^^-^ _ _ _ 

Flttrpia harpjffi- 

\filvaffo Mmanffo^^ _ _ 

MifruE migrani paramhiM _ 

Spieatiut omatuM^^^^ _ 

Faleonidae: 

^offc msicanui_ 

Falco jparMrim___ 

PoTl^fcarut planmt_ ^--,- 


_ Turkey vulttLre_„_„^__^_ 

, Black vulture**.__ _ 

_ HOppeJl/s vuJtura.,,,,,. _ 

* King vulture __ 

_ Aode&n eoudor*__ 

. Secretarybird.,^,,,, __ 

. Golden eagle_- _ __ 

, Hed-bacted buEzard 
_ Red-taMed Jinwk^_ _ 

- Ked-afaouidctcd kawk __ 

, Broad-winged hawk_ 

, Buxiiard - - 

- -Swaiueon^a hawk---.*-. — 

- Bald eagle __ _ __ 

* While-bre«ted pea eagle. * - 
_ Crowned aea caglc-.- 

_ BrahmiDj kite.-_**-*_ 

_ tlarpy eagle**-*__ __^_ _ 

^ ChJniango_**_,^, _ 

_ African yellow-bjlled kite__^ 
, Black-and-white hawk eagle. 

_ Prairie fflJoon. 

_ Sparrow hawk,, _ _ 

- South AmerLcan caracara.^^ 


Narnb^ 

11 

3 

12 
7 
2 
1 
2 
2 

4 
3 
1 

52 

7 

1 

2 

2 

1 

2 

1 

2 


1 

3 

2 
2 
2 

2 

1 

2 

a 

3 

1 

1 

2 

5 

2 

I 

3 

1 
3 

2 
I 

1 

2 
3 
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^AixiraiiM^ 


Hffc nam^ Comm on nOm€ 

M{!}g;&padiidae: 

4/^cfijfn _ Brush tilrker*__, _ 

Cfacidne: 

Crax _ Bluc-cered curaaposif- - _ 

Urax patiam^fiMS —_, Ffuij|it;t& curapaow, 

Crax - Yeliow-cered «Uras50w_ 

Orlttiit Ch a^ hR^JiTft _ 

Pendf>p€ bntiinana __ Crested gimn- _ 

Pliapiauidae: 


^trfn^tmnua _ 

Ca^inuj ptV^nianui ___ 

Cr^Aoplii<m aunium __ _ 

OtiHnx fnZ^ut_ ___ 

Cr«7inafu« _ 

Gtnna€n^ ieticomelanut^ 

^4fnha«ti9 m^f ut^__ _ _. 

Hiyaphfutu nnnAaiY- _ _ ^ . 

(^danfo;7Aoru« {TMjafifnxu mattfUf- 
raim. 


Argus _ _ 

BobwhJte.. _ 

BluMarcd pheasant. 

Bantun _ _ 

Fightiug fowl _ _ _ 

Red iimgJefowl_____, _ 

\MiiLc-creitted kaJeege __ 

Nepal kalecgc,^^,. __ _ 

SDver pbessaatw _- ^ ^ _ _, _ . 

Swinhoe's phcaaant. __ 

Marbled Ouiaiia g njifl 


Paw} cri*t<ttuM^ ^ __ __ 

FAeuiuniu far^ofia. 
Ntimididao: 

Ai:r^!^iiini pui^urtnum^,^ _ 

^uUffra piumifera sekuboiH. 

Numida m^Unffrit __ 

Mele&gndidac: 

Agripchari* eceliate,, 


PeaiowL- __ 

[Riug-necked pheasant_ , 

[Wilts liug^Deehed phoasaEit 

Vutturlne guiueafe wL _ 

Uole Crested guincaJowl*^ 

•GwineafowL,, __ _ 

,Whit[j guiiieafcirL^___^,^„ 

Ocellated turkey _. 

Wild turfcej^-^^_ __ 


qntJiFORMEa 

Gruidac: 

Andhropoidci _ DemobeSle crane..._ 

BaUixrica pawmina - --- West African crowned crane. 

Baleartai retfulprum East African crowned crane.. 

Grux cunudaiMii^ _ SaridhilJ 

Grux /cycancAcn^,Whito-napcNl crane^.._ _ 

Grux w» Sibifiriftn ^mne _ _ 

Psophlidac! 

Pxophia mpilano -- -- Gray-backed trumpeter^ _ 

PtcpAia rirWi#-. , — Green-baeked trumpeter,,. . 

Rallidao: 

Aramidex cpjajiea-^ _ _ ___ Wood rail _ _ _ 

F|ih>4i awjerjMna^^__ ___ AmeriCAn CCot_,^ ____ 

Gn^b'fiula chlpTQpiis catkinnam-^^^ FLorida gallinulc..^ __ 

Jonen^ii marlinica^, __ Purple gBjrin tj l*_ __ 

fnuMpv^Awi..^,^ _ BLuk-wMle crake,___,___ 

Porphyrio p*iiC«pAafua - South Pacific awamp hen,,.,, 

^6030—-ft 


JfuMbtr 

2 

5 
2 
4 
2 
3 

I 

3 

1 

17 

e 

3 

1 

2 
2 
2 
1 

12 

6 
2 

1 

2 

3 

2 

3 

I 


2 

2 

1 
1 
1 
1 

1 

1 

2 
3 
3 
2 
2 
2 
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^elfurijlir nBM# 

Eurypygidfl^: 

Sur^Plr^ Afiiof 
CAriAmidset 

Oiruflui --- 

Otidw: 

CTpfrtirtyifflltj upidu/ota Tn^i£^u£eniY.* 


{70MMOA Il4ni4 i 

Sun bittern. --- 

Cariuaa nr eetfiftmi--,- .. . 

MAoQueen^s bustiurd-,. - 


RecurvircwtrldHe! 

fJiinon^jnit mmcAnUM- 

Bufhlnidu: 

BurAtnu^ Witnottfi . 

liAematopodldAe: 

HaematopuM oatroifl^. . 
CburadrUdae: 

CAnrtjdritrJ poc^iru# - 

LaridAo: 

l,antt nr^r^nfoiur..---^ r, 
Latuj de^ovdrmrll..... 

Larut dotnintiMftu# . 

Lqtvm iwoeAciloiidiae^ - 


ra^BAirttiroaMEa 

__ BlAClc-nccked 

___ SentJi Americiin thSck-ltnee . 

_ EiiropeAia flyiterefitcher.^,^ 

__ KilldMr___.. . 

__ HerfJfig g:ull-- --- 

Ring-bUJed gull__^_ . 

-- 

SUvtrgdll. .. . 


cowMMiroi^G 


Colli tnbidae: 

CafuMta 

nipirOMirit^ . 

(/olfi^umba l»£oniba_.., 

<7^Hrd i^fono _ _ — 

decffofiio, - - - -. 
iranqu^<irica 

ZcnQV^ atio/i« _ 

^enoiduro mwtmra-.,.- 


^ Domestic plgooii___ , 

^ Short-biUed pigeon - 

. Bleedlog-betirt dove. . , . -- - - 

^ VSctoriA crowned p(igeon_^___,__. 

_ Ring-necked dove -- 

_ Blue-heAtled ring dove. . - - 

_ TMiite-winged dove -- 

._ Mourning dove__^^^ ..... 


»JTTAqn'OflME3 


PaittAddAe; 

iieopcr^ia 

Amazmfi atiiM--... — .^-- 

AmazQtm ater<5jKiIiifl£ei. ....-- 

^tnozonn ocArWfpAalii - 

Amaiona - - 

AnodorAtmcAuf Aya^'tdAinuv-. 
Atq areroiifwi— —..^- 

Ara iTiacoO....,^ -- 

Are ffliJiitarH . —. — --- 

Aratinoa pcriifuix --- 

jugtdariff __ 

CaUpcvpAoJoH jCrntriolum _ 

D^micdia gamda _ 

Porpuj cv^nepvgtut_ 

KoAatof 


Blmek-dieeked parnkeet.. ......- 

Blue-fronted pMtrot.- -- 

Yellow-DiLped perrot __— 

YeHonr-teaded pArrot...... -- 

Double yellow-heeded pairot. - 

Hyaciotliiiie lDiAcew__„,,— 

YeBow-and-blue macAw - -- 

Red, blue, luid yolioT joAcaw-^.. 

Green macAw --- - 

Kuflty^beeked. parrots -- 

Tovf pamkeet...,.- --— 

Gang-gang cpockatoo-^.--^^^^--- 
Bankriau oockatoo.. — 

Red --- 

little green parakeet-.^......... 

White oockAtoo— 

Salomon Mandfl cockatoo . 
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9Hrn rtJiD nam* 

P^ittaoidae—Continuod 

KaJbofM hiKTmUwopy^^ - 

JidJbaJM — 

KdibirM molvccmw __ 

K'aitial<M Mn^'neiu ___ 

Mdvp^thii^ ufldufafuj __ 

Newiffr -- 

fFUTutrutia- - - —^ — --- 

ertniuf. --- - 

P^ptela Jiratn^ffni. 

«upiilna._. _..._ 

F^'Ua<7v/d kramm^ -- 

PtiUQCut mlAflcii4i - 


{7Dinin«» mmt ATunlfr 

I^ge eulphur-firvted cockatoo..- If 

Red-Vcnt^ oofikatoo- -- 1 

l^eadbeiitcr's coflkmtoo- _____ IS 

GiMt rad’-cTMted c(>cfcatoo— .__ 1 

Barfi-eyed DOckfttoo-- __ 7 

Gr&aa pAnkeet— ..-. 6 

K«a_. .. I 

CoduUd- -- 1 

Blyo'ba&dad G!D[iiir«__ __ 1 

Rocdia 2 

Bairabaad's pamkooU^ -.- S 

R^-ahoaJdei^ pamkoot- I 

Kraioax^a jurakeet ___ 1 

Africazi parrot ___— 1 


CuculLdne; 

f^ydynampi tco^^pacea 
Mn^phAf^du: 

Tatfrd^ corythaix _ 

Tbyroctf donoIiMfii... 
Taitrocv jssrM^,__.__ 


Tjtomdae^ 

TV^d ofba proltnedo 
Stngjddo: 

tiViffini-aniw—- 

^dupo kttupu - - 

Njfctta nprfeit_ 

Strix varta varia _ 


Trogoyid&e: 

PAoroinacAtfa moctiio 


AIcedUaldAo: 

Dacth giga$ __ —-- 

Coraciidiiei 

Anihracoccros corcno^ia. , 
Foconnj# o^^uinicitP- - - -, 
Momotidaa: 

Bar]fphOimg^^ moHii - 

Mcinofia 


CApttQDidu: 

Afc^v^ima Kj^lmka 


ciiOfLiroRim 

.... Kod_ .... 

Sooth African tumoo _ 

_ DocLAldAon'A toiacO--- ___ 

_ Purpk tiiraco.._^.-...^ -- 

snuoiroiuita 

Barn owl ____ 

Oreat hoined owL.-_ .. 

_ Malay fiahiog owl- - - - -- 

__.. Soowy -- 

Barr^ owl -- - 

moonwoMMSM 
. QoctiaJ — 

CORaOEFOIDCEa 

Kookaburra^.,--- 

Pied 

Abysaiuiaa giOOfiEl hOfflblU-,,--, 

Great nifoufl motmot --- 

_ ___ Lewn'o motmoiH— __ 

nOfORMlB 

Blue-tbroatod barbate- 

Streakad barbet.-- - - - 


1 

I 

I 

3 


7 

7 

1 

1 

11 


2 


? 

2 

1 

I 

4 


1 

] 
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ScimUjk? nam^ 
EAmpbastldA«: 

Rampfml^9 ^trUl -- —— 

Ramphasto* curiruitut--^ --—, 

/?anxp4aj^« cuiminaiut^ -^^ ——_ 
Rq mpAoftot injiffminolKt- —- - - - 


Common n&me Rum^ 

Ringod tflticauct-^.^ 

Arid totican,- -- 2 

Sulphur-breajiM 3 

WhiEc-bre^ted touwi—I 
Todd's toucaii _ 1 


PAaSEaiFDKHtS 


Colln^doe: 

orrta^tu--- 

rtipicv/ft _ _— 

Rupioafo lan^tfici^cxiio- - - 

CorvidDo: 

CdiTOff hrachjfrhynchn -- 

Cowj-ff mrm jnifteipaht- - - 

CotPUE inMoimM- -- - 

Orrtm* fflojwduto _ _ — ---- 

Cs/tfrtonlfa cnwiaia *_ __ 

Cj^not&r<BC chrytfypw _- , .- 

Gymnorhina KifpoUitcQ^ _ 

Pica nuUailL - --- 

Pica pica kudManica _ 

t7rod«q rucruU^. __ 

Ptilorli^iachidaet 

PfiZonofft^ntAufl piofoefU^ - - 

Paradti«iidae; 

ParfviiMorniM rudopAt_^.--.--.- 
Tlmaliidiie: 

Garntlax btWar. - - 

PychOELottdso: 

Hftrrophana Ripi>tr<drO, . . 

Ppcnonotut Uuc&gcjt]fM 
METnldae: 

polufflclioE - 

Mimin pcip^oUi?4 tcticapterui^.^ 

Toscottcma n<fwm --- 

Turtllda«» 

Oeokiefda ei'frinfl_ ^ _ _ _ ^ _ ^ _ _ 

liyiocicfJa mtiMtcIina - -- 

P^a^y^'rA^a flavipiit. ... 

Tu/dtu ffli‘pei(ffn'x« ____ 

DombycQlidAe: 

PIqnibi/pliq «d™ruffl^ __ 

StumIdAc: 

AmdothertE iriEiit. .. 

Gracvta rclip^- 
Gractila rcti^fiEa 

CraoipicO pnWflflopi^ra - - 

Aamprw?/iiM parpurcu#, , _ 

Spm BwpeKfciw^ -- 

^furTfiVa rjiolqftarrea-.-- 


UmbreilAblrd__ 

RclMTd-.^ _ _— 

Oranj|o cock-of-the-niek- 
goarlot cock-of-the-rock_ _ __ 

AmericiUi crow-^^—--—- —-- 

Northom mvop - -- 

Indi&ii crow __— 

Jackdaw.^ _ ___ 

Blue Jay--,- 

Urraim Jay^^ — - - 

Wbito-baekod piping crow- - 

Ydlow-bliled ma^io^—-- 

American magpie.. 

Formoann red-bilfed pie .. 

Boworbird^-,- 

Red bifd-of- paradiae- --- 

Pjrince Riidolph^g hiifl-of-pttrlldiee- 

Whito-bcadcd laughiog thrush_ 

Biack-bcadcd dbia.--.. .. 

WMte-cheekcd bulbul-..^.-- _ 

Eftatern meckingbifd__,__ 
Wstern mookiRgblrd,,.—---- — 
Brown thrasher-.- _ 

Omtige-hcaded ground thrush - 

Wood t1irti3ti------w---,--^-^--- 

YdJow-fnoted thrueh. - ...- ^ 

Eastern robin -- 

Cedar waswing..-. - - 

Common mynah. ___ 

Wattled Bftyualt -- 

Kins wattl^ mynah.__ 

. White Htarling___, _ _ __ 

. Glossy itarling., . . 

. Superb sterling-___ 

. Gray-headed mynah._ _ 


1 

1 

4 

2 

6 

1 

2 

a 

1 

n 

1 
1 
a 

2 

s 

2 

2 

2 

1 

1 

2 

J 

I 

I 

1 

1 

5 

I 

I 

4 

I 

1 

3 

I 

I 
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^eirnlljle nom# 

PlQc«id4^: 

UTitp^ToIi^ _ 

Aidtrmoiyn* _ 

Aidemowi^ 'mnlabarioi.^ - 

jlirffrnuM^w Fn^jJeato- „ ^ ^ , —- 

^rit^fTunui nnc^ul..-. — 

nArKLae/itui/asria^a __ 

A fnandam dfndmiaivi_ _ _ __ 

Diaitcpura procne __ __ 

Etirildtt a^trild - 

Esirilda - 

EtiphcUM /rq nci^fafiq. ----- 

£upfcic/fj QflX---. -- 

Hypoehtra uUramanna. -__ —^ 

Lqnr A tint ieucoj^futroide^ .. 

MuKiia _* _ 

Afuiitd malacca-^^^^ __ 

Mmiii pmicfti/dfa___^_^^ .. 

Fodtia qrvjfwfl, -- - 

PoHPr df>m€di€ui _ _ — ,__*_ 

___ 

PlxeuM ___- 

P^ephita Qcuiicauda. ^ 

OufUa 

^pdrqcpiTifAut m^ipodu* - - 

•^^f^n47pjrura fricAfiiqiqf-- — ^,-- 

poTudi^ea .. . 

Tatnioppgia casianolin^^^ ^^ . 

t/rO^^iH^Aui h€:nyalu* _ 

kteridsic: 

j4m6J£frAarnpihM Adoi^nctHi, — 

/d^ut (7)VdudL.--. __ . — 

ilfdfd^^nu &Ei'nart>nni __ _ _ _ 

Noti^p^ar eunmcE^--^^ _ _ __ 

Ptntti ifcjfftpptL _ __-_ 

0uiVcidf»4 5WEiCwld:___- 

idjUAK^pAafuj—^^ 

Xaiiiftorttis anyufftifrun^ __ 

Thrftypidae: 

l7al05piEd - 

PiVnwffcr oh'miwqtf---- __— -- 

Piranca rubra.^^^ .. . 

Ramphittilus ^_-ww_ 

Pq mphoctlut dimidiatus - - 

ffampAdce/ui /d?7inii^frut_ 

Eamphocdm pazsmnU ____ 

rAratipii eana _ ___ _ 

Thraupii -- 

FrtDK^Ltdfte: 

Carpod^cUM - 

CarpofUtcuM purptiT^> mlifmitcuM. 

Cyanxompta _ _ 

IropAd^'nftii putilfud--. 


Coff^indn numr 


Rumirr 


Sydney waybill-..-. _ S 

Tawny waKbill_*^«^ ___ 3 

Indian aavnrbill__^_^^_ . 2 

Flum'-hnadnd 2 

Person atiftli_^_,,-.---2 

CuUtliro«.t weaver fineh. -- 6 

Strawberry H 

Giant w'bjdah- __ 3 

Red-eared waxbilL __ A 

Common woxbilJ...^ _ 1 

Bi^bop weav^er. .. 5 

Red btjtiDp weaver^ _ 2 

CombtiAOU Of tndij 4 obLrd__-__ - - 1 

Denpdi fineb _ 1 

^'^ite-beftded I 

Btaek-throated munla. _ 1 

Spice 5nch.... _ 16 

Java aparrow.^^^__ _ 14 

Houae Etparmw__ _ 1 

Bay a weaver, -- — 2 

Vitelline moeked wciavGr„^ _ _ 6 

LonK'taikd dneb.. . 3 

Red-billed weaver. __ i 

OratiRMtieck-ed waxhilL _ _ __ 12 

Bicheno'e Srich.,,.- - 1 

Paradbe whydftb,,„,-4 

Zebra finch.-.....-..,,,- 

Cordon-bleu fitsch __ 4 

Scarleb-headod blackbtrd. _ 1 

Gimud^ji oriole,,--,,—- 3 

Shiny cowbirtl _ _ 1 

■Chilean blackbird -- -—2 

Military Btarling.-^ _ 1 

Ptirpki #p-acttc_.-----_ 1 

Yellow-headed blackbird __ 1 

Oropendula -- i 

Brown-beaded tanJ^f __ I 

Searlet tana^r. -- I 

Siinuncr tanai^r_______ _^^^—^-. I 

Bilver-boaked tana#ser,____^.---- 1 

Crimson tanagef _ 2 

YcUnw lanagef—2 

Fa^rinl'a taniifb^r .. — 1 

Blue tana^r_ _ 8 

, Btnck-i^djiged palm lanagpr--^.-- I 

. Mexican houae fiiich„„^,__„- 2 

, California purple fineh -- I 

, Argentine blue pwbeak _ 1 

. BlatV-crested finch-..--. - I 
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namf 

Fries niidAie—Continued 

A/e£o>pi>a __ 

/^arcJoWn cucuffo^a ___ 

Porocirto jTtfZofM _ 

Poumi/n t/wa^ __ 

PajMTfrtd flfrtf ..... 

Pfljftfrind ___ 

Fkitveti^u* aurf4Wf>ilHi _ 

Phryf^iuM fruii&li--^ _ 

Phqf^liUM ffOJ/i_ ^ , _ _ _ ^, 

Powpirn toreuo^a,_ __ 

Richirumdtna tardinaiU _ 

Strinag ennoriu#. 

5£nnu« _ 

Sici^is iulcdo.^ ^ _ 

Sp^rrophila aunla^ __ 

SpoTophiia irii^urofii __ 

SpijfrDphtta m^^dnocepAafa^ . 

Twm dfiHu^n .... 

Fokjinid jocOnna- ^ ^ ^ _ 

Zanoirichia _,_ ^_ 


nm iH« IfvwAfr 

Cubiui buMneb . _ ___ 1 

Song irpAfrow____ __ J 

Brnsillian cntdfaiaL.. ^_ 1 

Hlnck’enred 1 

F03C HjyyTOw_ __ 1 

Painted bijntiEg,„__ ... ] 

Indigo bunting-.*-_ 1 

BlaokHind-joUow sr03boflk_ _ _ ^ „ 2 

Mouroiog 2 

Gfty'tf gray-beaded fineiu _ _ __ 1 

Kinged wnrbbng finch,,,,,,2 
CBjdinnl___,_^_, ___ 2 


10 

1 

20 

1 

10 

2 
1 
1 

a 


**_*_, Canary,,, ____ 

Groen singing fiueh _ 

-- Saffron finch*- .. 

_ Hkks’a 9eedenter,_^ ____ _ 

__ YcHow-btUed eeedeater __ 

-- Blnck-headod aeedeateT.*_ __ 

Mexican graasqidt. __ 

-- Bluie-blnck grasaqult-..-*** _ 

_,^,,, White-throated apaiTow-. 


KEPTILE^ 


Cn^codylidae: 

AUiffiiicr muMtMtipimtig. 
AUi^or nWiu^__,,,, 

CaiFTUin _ 

Caiman acirmps __ 

Crocod^b* , , , * , 

eqfapAradus. 
0«ady/u« mloiieus^--- 
CrocodyluM pwotua,,,,. 


umcA^A 

r,. ABl^tor ... 

Chinese alligator, _ ____ 

Bioad-enouted c-fliman _*__ 

Spectacled _ 

.*_ Aiiiericaii cmoadLle*_^_ .. 

Nnirow-nnaed rrccodile,^ __ 

African crocodile,,,, __^ 

.** Salt-water crocodile,, ,*^^__ ___ ,, 
.._ Broad-nowd crocodile_ _ 


2 

t 

4 

4 

1 

2 

I 

Z 


30Vjr«I4TA 


Gckkonidae^ 

TartnU^Ui aifr^fui_ *___,, 
rapicaudus. 

Agamldae: 

PAyrigmilAtAt ietusnri. - .- 
Xenoeaurldae: 

Xsneraurttf iolicaudoliu* . 
Oeirhoeaurfdae: 

0err Acftatirtii fi&wig^orig^ 

Gerrh&tnurtAt nn/or._ _ 

Zcnoiaumi wnajbr.,--. 


, Gecl£o^*__*- 

- Gecko *___****_****^**_*__^ _ 

* f^ucur's water dn|p>u_ 

* Broad-tailed liaard,, __ 

* Yellow-throated plated Itiard_ 

* Greater African plated Uaacd_ _ 

* Ornate lisard, _ __ 


1 

4 

2 

1 

3 

2 

1 
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fTricRffj^ luiiitf 


€nm mm mamm 




Iguanidao: 

i^nofis coroitjmmt . . _ ...... 

4nofu c^iicsfnt _._ _ _ _ 

Amerfean anolisi or false chamo- 
loon. 

Olant anoiia..^... __ 

AnoJu porcoitu 

Xia^artila verde. . _ 

^nolu sp _____ . 

Giant anohs- _ 

BatUitan Adrbovn. ..... 

Barbour's basilisk __ 

CeadfepAtu m&cWitofus_ _ _._ 

GalApagos iguana..^ _..... 

Q^e/urd _ 

Cuban iguana ____ 

lymana tj^fia . .. 

CommoD iguatia. ............. 

PAr)/iior4?7ria WdinriXW,,,.,,, _ 

CAlifomia homed ILuid . _ _ 

PArynosoma eemiciusi,.^ __ 

Homed lisard- 

■^aurnmafiu . .... 

Chuekwatia Hurd.. ____ 

SceloporuA tindwtoln*. 

Fine or fenco Uaard ____ 

ZoDuridao: 

Zonurut diOdnlffiiff _ __ 

AfrTcan soinv Uurd 

Uciodermatidaei 

Hetoilitmo Aerndvm. ......... 

Meidcan beaded Usard. _ _ 

Httodtrmo fltMpeclum.. 

Gila monster. __ _ _. ___ 

Varanidac: 


Farontu ni^erfuui . ..... 

African moortor... 

Varanui sd_ _ _ _ 

African mnnitar 

L^oertldae: 

iFiufTOfiofe ____ _ 

Egyptian sand liiard _..... 

Lae^rta _...._... 

Eyed tlaard^. ... 

ScintddAO: 

CWcofcj ocfUofu^^.-.... .. 

Sklnk _....._..... 

CAolb'des sp _ _ _ 

Sand skink__ 

Efftmia cunntnyhamL^ ......._ 

CunpJtkghwn'fl aklnk.., ___ 

E0«mtn whiiii _____ 

White'i akmk _ 


Eumecft f ^ __ ^ __ _ E] u^taiiod aklnk 


5 
2 

1 
1 

2 

3 
1 

6 
2 

4 
4 

1 

3 

2 

I 

1 

a 

3 

2 
2 
1 

13 

2 


SUFIVTli 

Fk^idae: 

B^a - Gmn tree __ 

Bm fFivdn>- - Colombian boa___.^ _ 

CoTitiriclor imptroior^ __ Central Amcricao boa„_ .. 

BpicrolH ceiKApra.*. __ Rainbonr boa^__ ____ 

EuriccicM Anaconda. ... 

Pirtton ... I&dian rock python^ __ 

Py(h&rv rtQiu* _ _ __ Bail python_ _ _ _ 

Python ___ African python,^. . . 

CnlubridBe: 

AfTocAmfuj/cpantciM^^ _ Elephant trunk anahc-.. __ 

Bo<udon /ifirflhjin____, _ Brown bnuso snake __ 

Boiffa dendrophila __ — ^. ... Man^T^ Btiake. _ 

Coftifctfr ton^ndor _.......... Black snake.. 

DtadophU punctatuM __ Ring-necked snake _ _ _ __ 

Drymarcftcn cornu coup#ft, , ,_, Tndifio snake^_^ _ _ 

Elapho obioleta^ _ _ _ __ Pilot snake.. ... , 

EiapHe ob§otgta confinU _ ..... Soulbem pilotsn*ke_^._.__, _ 

Eryz tkibaieu^^^ ____ Daesa’o anakfl.. ..,^^ ____ 

LnmproptfUu yituluM hoylii^ _ _ Boyle's king snake........^--... 


a 

I 

32 

S 

I 

I 

1 

2 

1 

1 

1 

3 

2 
2 

10 

1 

3 

1 
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^clfivN^ Mmt 

CoIubridBe—ContiQu^ 

Lampri^pgkU hotbroifki^ 

LampTOptUii ^iulut splmdida- 
f.ampr&pMi rkpinhomaaiiata^- 

Natiz Bp. . . . .. — 

0phradrif4 prrnaliM . . 

OxybeJa acvHiinoluf--.^ __ 

Phrynonax tulphurtux,^^^^ _ 

cdltnijer _*_ _ 

PHuaphtM milfinoleucuM *. ^ ^ ^ 

Igrontm.^ _ 

SfflTcr^ ____ 

T^amrtQpkiw 

T^aniiTCPpAiV tirttdU .. 

Zamfnm fiorulmtuM .. . 

ElapidBe: 

DtndroatpU PtridU.^ _*_ 

i\f {(Turvm fulnux^ _ 

k^aja _ 

A^aja _- 

Vipcridac- 

t'ijwTff ra- ___ 

CrotBlidae: 

.'Ifffrtnirodfln mokmn _ __ 

/tfffctf/radfrn ][>i4ri»ruj_ 

Crdfo/ui __ 

CfiUdlut __ 

Crafabi? Ajpm'cfji* . 

Crotulw _ 

Crctal^M Ugru^ __ 

CrotaluB iariuffffun>_,_,_ _ __ 

Crotalus Mtidit tiridii ________ 


ComfHnt nan# Number 

.. Chain ar king eimk«. __ 2 

. Holbrook's king Hnakg^._ ___ 1 

^ Sonorflji king 1 

_ Mofosnakn.___ 3 

^ Watexsoake _ _ 9 

, Smootb-fcaled ^teeii anaJfe __ I 

, Plk^Mad anake .. I 

_ Fnljre eohm.--**. _ 2 

> Western bull Bnake..-.-._ 1 

^ Pino snake—__ B 

_ LcContc'a 2 

_ DcKay^s anake.,^,,,, _ 2 

, Arizona garter aiiak« __ 2 

_ Carter JFnako.-. . I 

- Egyptian racer___ 3 

_ Green mainbn_,_,,,_, _ I 

^ Coral snako,,^ _ 2 

^ Egyptian cobm. ___ 1 

. KingcobrA.„„_ __ _ 1 

, Ififlinn oobrs>. ------- _ 3 

- TLitssell'a viper- .. 1 

_ Copperhead anako _ __ 2 

, CcPt^ninoutb riioceaein.._ _ _ 3 

. Western d lain ondbaek rattlesnake. 2 

. Sidewinder rattlesnake^ .. 2 

_ Timber rattlfisnake,,,w-- __ 7 

_ Besert rattlesnake-- _ _ 2 

.. Tiger raUiestiake. __ _ 1 

. Tortuga rattlesnake __ 1 

- Prairie rattlesnake^,, __ I 


TESTUniFfATA 


Chelydkiac: 

DatrafMmy* no^win-_^ 

Chtlodijm __ 

Chfiyi ___ 

Hydratpit sp, _ ___ 

tlydritmeduM frcb/-rre. 

P^o^emyt pin/yHp^o ___ 

KlnofitemidDc: 

Kino^Umi^n juttruftriijn - _-_---_ 

Sicrnttthtrv^ edorcfi«__- 
Chelydridac: 

CMydra serpfTiiinei _--__ 

Testudinidae: 

fiafaj^urr fcojJta__-_-_ __ 

CAr^my* ptVffl _^__ _ ^ _ ^ 


South Amcrieap sLdc-beoked 2 

turtien 

Australian long-neeked turtle_- 2 

M alamala tu rUe^_- - _ 2 

Cagade or South Amerirao snake- 1 

necked turtle. 

South Amerlean snake-necked 15 

turtle. 

Flat-headed turtle... ] 

MndturtJo,,«_^ 5 

Muak lurtlo----__ S 

Snappin g tu rtle^___ s 

Indian fresh-water turtle-^.,,_ I 

Painted turtle... g 
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firlkfirf^ Hamt 

Tcstudio idao—Contiiiued 

ffuitQta _ _ 

iTuci4^p^a_ 

Ci;cUm]/s amboimntii^ 
Bm^duTa kreffiii _ _ 

OopfKru9 poi]^phJtmuM _ 

har^uri _,_ 

OraptttAi/3 gcofftaphUa ., _ , 
_ _ 

AfalatUemyt 

Pelamtduta gaUQUi^ __ _ 

Peltl9f09 «i'iiu4]£<».._ 

PwwdeFRirt comrtnfui_ 

Fseud^rngM 

Piettdtmifi omnia subsp.,, 
P^cudtmgi rubrit€nlri3^^^^ 
Ptctidfm^t irat^fii^ _ _ « * _ ^ 
7V!r^'^lp^'Jlc caf'^ina. __^___ 

^'cTT'ap^HB 

TViT^ipffJM fn ttnfui.t, _ _ __ 

TVjfudo ep\ippTiiJii_ __ 

TVjfiido jFr^ea. , 

TBAfudci Aoodtfiuii,_ 

(a&utoa._,_, _ _ 

Tbifudo cictna ... 

Tri&nychjdaa: 

Amyda 

Amyda Irjufi^uit_ 


Sdanieuidndjic: 

TViftirw pgrrhognAitr^^^^^ 
7ViVujTt< 

TWfuruc nndeteenE __ 

Aiiipfaitinildft&: 

^mpAiuing mean* _ 

Cryptobranchldaer 

M^gatobahttchui japoniou$ 


Common ilMc Hmm bCr 

___ Spotted turtle__^__,^,_^_,B 

WcHod turtle_ 5 

_Kura kura boi turtle*--^__ 1 

_ Krefft'a 3 

Murmy turtle _ _ 10 

_ _ Kuropean pond turtle __ 1 

Ckjphcr 2 

Barbour^s turtle.. __ 7 

Map turtle--- 3 

Hfugcd-back turtle,__ 2 

__ DLOfuoDd-back turtle— -1 

_ Afrioao water turtle. _ _ 1 

__ YflUow-boILisd water turtJo,,, _ 4 

___ I 

Mobile turtle_ 12 

—, CcuLral Aruejieau ttirUo__ I 

_Red-beliJed turtle-----^^>^*^____ 1 

__ Cumberlaud turtle^. _ 2 

Bos turtle. _ _ 50 

Florida bos turtle___ 3 

_Ttuw-tood bos tunic__ 2 

_* Diino&ii lelUDd turtle^,_ __ _ , 2 

GroeiaD turtle_^^__,_ 2 

_, ZTood lEljuid turtle___ 2 

_ _South AfnorieaD turtlo^ ___ 2 

_ Albctoarle Inland tunio __ 5 

Sof^shdled turtle.0 
West Arrican Eort-ahcUcd turtle-^ 1 


aMPHIBDL\S 

CAtTPATi 


Red Japanese aalAmander,, __ 17 

Giant 2 

Coinmon newt (of the United 1 

Staltss)* 

Congo eel _ __ 1 

Giant iapaneae Balanmiador,.,_ 4 


Biifonidae: 

Bufo OlvortUM _, 

Buja OTntfri^nt£a. 

Bufo bufo—^ _ 

Bufo eaiamUa^^^ 
Bufo 

BtjJo p^roenf mta. 
Bufo FjrfdTt-^,., 


iALIEKTia 

.__ Weetcfn green toad....,--. _ 

,,, Common toad-..- __ 

_ EuropeaD toad^^,^.., _ _ 

NatlcJjftclc toad, .... 

Marine toad-. ______ 

Rococo toad--^.^-^^_..---- _ _ 

_ European ^recn toad.._- _ 


3 

3 

2 

3 

9 

2 

2 
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HOM 

DlmglDfiaidae: 

Boirtbiifia . 

twne^ato. - - - 
LeptodHctyUdM: 

C^rotop^l ea£(waia-- 
CerQioj>hrTfM onwt&i,^__ 
HyUdAo: 

H\fta stpUnLnmali* , . . 
Pipkldae: 

..... 

Rouid&o: 

Rona (tdtpCTM-.^- 

iSana 

^ana c^mi^aiu. 

Rana tMut^TUa. - __ 

ffaw 

j4n0;^¥C^^V9 jtjrdani- ^ ^ _ 

Bariruf tKTtUi _ 

£racA^dafii0 aZMiiieahiJ,.. 

Cartunu* auT<Uui^ __ 

rtrio^ _ ____ 

fitmi^mmut Ofet/i/fr.. ... 
ffyph^^obrpci^n tnn«i___^^ 
iCrifpto^trrtLi &icirrAM,,,_, 

Lebuiet reiioitaUta .. 

Lepidcmren 

Afl4j»uiutd trutpriif ........ 

ridtUei _ ,___ 

Fnfiffptmt* ^nnutanM - 

j7a«&^?ro ft«ierfltiwrpAj..,,,_ 
TaAffAt^Vi olbmubft ...... 

TVuAd^osi^r trichffplmi* _ 

nuui^anj 


sp 


AehiUinn ^hiUirin 


C^MHOtt imme ^ttmbrr 

Red'beilied toftd . . 4 

YeUow-belUed toad _ S 

Colombiaa borned frQg__._-. - 3 

_ AiigeDtliie h&med ftof- - 3 

*_ South AmeiicAn tree frog. -- I 

_ MttUcr^a d&wod frog- --- 1 

Afiicui bul] fttjg __ J2 

_ BiiUfrog^^^ .. -3 

Green frog_______^_*_-.3 

__._ European odJble frog.1 

Loop^ frog,,. .. 2 

ri^BES 

,,,, ClimhiDg pemb _-_ 4 

Blind chaniciQ-.... ___ S 

Clown barb__^ ___ 3 

Pfearl I 

_- b 

__._ Zebra _ 8 

_ Kcad-Bnd-tajJ-Vgbt bob..-.,..,.. 2 

„„ Neontetra^,_ __ 10 

_Ol« 10 

Guppy . 100 

South American Ititigflab .. 2 

_____ 1 

„„ Tot™.,, _ 2 

Mrtcao Inngflfb, ___ 2 

_ HaaborA-..^ _ 10 

Wbito Cloud Mountain fifth..__ 2 

__ Blue gourami. 2 

AEftCBNTDS 

Bbieb-trldow tpldor^ ___ 2 

INSECTS 

Ciftiit eaokrofieh.. ___ 100 

UOLLPftCS 

Giant land ffnftU-.. __ 4 


STATUS OF THE COLLECTION 


Cliff 

fipHiH or 
■U^p»eiff 

Lodtfld' 

’□ill 

CkB 

ft;k«c^or 

■utxpodff 

oftif 

Ifunfiili.... _ 

l» 

m 

Ai*dmHla..„ .. 

1. 

3 

Slidi_u ■..■■■■ ■-■■■■■■. -• 

m 

1, ITW 

lUMCta.... 

] 

m 

Bji|iftUM _ 


, m 

MoDoikL.. 

1 

i 

A mpaiblBii-. __. ....... 

39 

37 





IT 

m 


mi 

aftTf 
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Summary 

AnlmALa on tmnd July 1* - -----—— — -- 2, 821 

Accessions dnrJn^ tlie year --— ---— If 5f !S 


Total Dombef of nolEDals In ooUeetlon tie year. — 4308 

Beiuovnls for tailoos retsons sacb as deatli, eicbanges, fetnrn of nainialn 
OQ deposit, etc — _——— -^ -- - -—-— li 121 


In CBllKtlon on ynno 30, 1^02.^____ —^2, $11* 

R^pectfully submitted. 

W. M. IIan^Ni Director. 

Dr. A. Wetmore, 

Scimtarff^ Smithsonian f nstiiuiion. 











APPENDIX 8 


Report on the Afitrophysical Observatory 

Sir: I have the honor bo submit the foUovring report on the opera¬ 
tions of the Astropliysical Observatory for the fiscal year ended 
June 30,1953: 

The wort of the Astrophysical Observatory is divided between 
two units: the division of astrophysdcal research, for the study of 
sol nr radiation pi'oblenis, and the division of radiation and organisms, 
established ‘*to undertake those investigations dealing with radiation 
bearing directly or indirectly upon biolo^cal problems.” In addi¬ 
tion to their regular programs, both divisions are conducting coopera¬ 
tive projects with other Government agencies. Tiie division of astro- 
physicflj reseaioh at its Chilean field station maintains certain seismo¬ 
graph I c records for the Coast and Geodetic Survey and also records 
solar radiatioi] received upon cx[iosed fabrics, under contract with the 
Uflice of the Quartermaster General. The division of radiation and 
organisms has in progress special experiments for the Atomic Energy 
Commission and for the Biological Department, Chemical Corps, 
Camp Detrick, Ifd. 

During the year the metal and glasswork shops serving both divi¬ 
sions of the Observatory were materially improved by the Installation 
of modem lighting equipment, re-aiTnngement of the machines, re¬ 
painting, reflooring, and the addition of specially built cabinets for 
storing raw materials. The instrument makers no\y operate with 
leas eye strain, more oonvenienee, and greater safety, 

Li August 1351 the Director of the Observatory attended meetings 
of the Sub-Commission on Actinometry of tiie World Meteorological 
Organization held at Brussels, Belgium. In the resolutions adopted 
by the Sub-Coiuinission, the Smithsonian silver-disk pyrheliometer, 
designed and developed by Dr. C. G. Abbot, is recommended as an 
instrument for the measurement of direct solar radiatioii. 

DIVISION OF ASTROPHYSICAL RESEARCH 

Tlie question of establishing a field station in the Clark Mountain 
(Calif.) region, mentioned in previous reports, is still imdetomJned. 

W. H. Hoover, chief of the division, spent July and part of August 
at the Table Mountain (Calif.) field station, directing the work pro¬ 
gram and testing several new devices. 
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The ninth revised edition of the Smitlisonian Physical Tables is in 
press. At the end of the fiscal year, Dr. Forsytlie, who prepared the 
manuscript, hud corrected approximately one-third of the galley 
proof. 

Work in Washington ,—The cheddiig and appraisal of observations 
of sun and sky radiation made at two high-altitude field stations, 
Montezuma (Chile) and Table Mountain (Calif.), have continued 
under the direction of Mr. Hoover. Some progr^ has been made in 
Uie preparation of material for a new volume of the Annals of the 
Astrophysical Observatory. 

Incident to tlie review of lesiilts during tUe past decade, an exam¬ 
ination was made to determine what, if any, relationship is a]>parent 
between the solar-constan t record and the number of sunspots. D urLng 
the lost maximum of snnspota in 1047, the total number of spots was 
greater than during any maximum since 1778. In 1947 the number 
averaged 151.6. In 1773 it was 154.4. The next greatest maximmn, 
160.1, occurred in 1870. A curve is here presented showing monthly 
mean values of the solar-constant compared with montiily means of 
sunspot numbers for the s.'une days, it includes all solar constants 
graded fair or better during the 11-year periotl 1940 to 1951. A fairly 
regular increase in solar constants is apparent with increasing sunspot 
numbers. 









j 

1 

s 

m 

J 

I 

K 






f 

/ 

i 

i 

f 








f 

f 




\ 

1 f 






Id 

■ 

k 

i 

1 

f\ 

\ 

1 'f 

( 

t 

i 

1 



(TM 

MB* ii»l 

^ Mr «4ds p 
th« RtiiPtMir & 
IMhBd lx. MGfe 

f 

% 

\ 

^<2k.A 

1 

i - B- 

f 

IV 

1 








3 B 9 

I' f 


S 1 

b' i3 


r? 




1,—M(ml_hTy ua^nQ valavd of the soliir ctinstAnt cOEOlwred with 
loe^tuft ot nTiiiil>erj 3 for tho same 






















132 ANJTOAL HEFOBT SMITHSONIAN rNSTtTUTION, 10ft2 

Orders for silTer-dLak pyrheUometearB, built in our shops and cali¬ 
brated against the Smithsonian standard pyrheliometer, have con* 
tinned to come in- During the year five instruments were prepared 
and sold at cost, os follows: 

a. I.No.&i to Centre Xatioml de la KetherclM* Scleiitlfl<|ue, Paris, France. 

S.l.Na.ST to HulHinkl, Finlainl. 

3.1- No. as to Institute for BcientlUc Hescnrch, Ceotral Africa, 

S. I. No. 8il to Nattoaal OI)Mr™torr “f Athena. Grew*. 

S. I- No. SO to Unlvcrait; of Bliodc lelatid. 

As of now, a total of 80 silTer-dJsk pyrheliometcrs have been fur¬ 
nished by tlio -listropliyaical Obseiw'otory to interested observatories 
and institutions in many lands, thus making available throughout the 
world tlie Smitlisonian standard scale of radiation. In addition, five 
Angstrom compensation pyrhelloineters, modified in certain details as 
experience has dictated, were built and calibrated. Three were sold 
at cost to the Belgium Consulate General for use in the Belgian Congo. 

During the year oertnin electronic devices were procured as funds 
permitted. These include a photopen recorder, Golay detector, and 
electron multiplier photometer. Tests are in progress to determine 
their most advatitageous application to our special needs. 

For five years, 1926 to 1931, the Astropbysical Observatory occupied 
Mount Brukkaros in Southwest Africa as a field observing station. 
At the request of the Meteorologica! Service of South Africa, the 
Smitlisonian observations of total solar radiation during this period 
on Mount Brukkaros were summarized and made available for publi ca¬ 
tion in a new compendiuni of Snath African solar-radiation data. 

The Smithsonian standard water-flow pyrheliometar, against which 
substandard comparisons were last made on Mount Wilson (Calif.) in 
1947 by Dr. Abbot and Mr. Aldrich, has been overhauled and tested 
by Mr. Hoover. It is planned to mount this standard instrument 
at Table Mountain in the near future for a new series of comparisons 
against our silver-disk substandards. 

An important study by Mr. Hoover is in progress, designed to clear 
up certain elusive characteristics of tlie silver-disk pyrhelioiucter, 
such as the cause of tlie temperature correction which it is found 
necessary to apply. 

A special pjrunometer was prepared for future testing at Table 
^fountain. Its vestibule permits the rapid insertion of four suc¬ 
cessive filters, tramnuitting different wavelength bands. Such a device 
should indicate variations in haze more certainly than does the 
pyranoinetcr without filters as ordinarily need. It la hoped that this 
filter pyranometer may prove an important aid in determining atmos¬ 
pheric transmission values required in short-method solar-constant 
obsetrations- 
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At tte request of the United States Weather Bureau, another special 
pjrranometer was prepared and calibrated for use in standardizing the 
Weather Buresu’a network of Eppley pyrheliometere. A leveling 
device and automatic abutter csontrol were added to the pyranomoter. 

Tin at yearns report mentioned a cooperative arrangement with the 
Meteorological Division, Chemical Corps, Camp Detrick, Md., to de¬ 
velop a now improved type of melikeroti, for the measurement of out¬ 
going radiation from the earth to space* One of these instruments 
has been completed and tested at Camp Detrick. A paper describing 
this development was read by Dr. S. C. Stem of Camp Detrict at the 
July meeting of the American Meteorological Society. 

Dr. C. G. Abbot, research associate, has continued his studies of 
relationships between solar and terrestrial phonomena. His results 
are described in several papers in volume 117 of tlie Smithsonian 
Atiscellaneous Collections. 

Work in the jSeW*—In May 1952 a new Eories of tape eiposures was 
started at the Montezuma station, under contract with the OEce of 
the Quartermaster General. These exposures are a continuation of 
the Quartermaster studies to determine the causes of the deterioration 
of tentage materials. The tapes include samples of various textiles, 
and the exposures and radiation measurements are similar to those 
described in former years. 

At the Table Mountain station, the interesting study discussed in 
last year’s report, to determine the quantity of oisono in the upper 
atmosphere from our daily holographic records, continued under the 
direction of Dr. Oliver R. Wulf, of the U. S, Weather Bureau and 
the California Institute of Technology. Dr. Wulf has improved the 
means for obtaining absolute values of the ozone from long-method 
days. Ho then uses the long-method results to calibrate the relative 
values obtained from the ghort-method observations at air moss 2,5. 

In July 1951 Mr. Hoover tested the double spectroscope set up in 
the new tunnel at Table Mountain. He reports that, unfortunately, 
the device is not sufficiently rigid to give satisfactoty results. Con- 
aiderablo alteration will be necessary. Mr. Hoover also prepared and 
installed a very satisfactory device for reconUng the steadiness of 
the sky during each holograph. It consists of a sensitive tliermo- 
element mounted in the coelostat beam. The rating galvanometer 
deflection, recorded upon a rotating drum, is an index of the steadineffi 
of the sun and sky radiation during each holograph. This record 
has proved helpful in appraising pyrheliometer and pyranometer 
readings at Table Mountain, where sudden changes in water vapor 
content and quality of haze occur fairly frequently. 
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DIVISION OF RADIATION AND ORGANISMS 

(R<*(>nrt rrepart4 by It. B. Wirnaow)! 

In last year’s report the deTelopmental ntsponscs of seedlings to 
light wore discuui£3cd as to the possible biochemical reactions involved 
in the absorption of the light energy and the subsequent regulatory 
mechanism responsible for the development of seedlings into normal 
plants. Tlie indications were that these growth or photomaturatlon 
responses were not directly associated with either chlo.rophyll ^n- 
thesis or photo^thests, but no strong photomaturatlon response had 
been obtained witliout detectable traces of chlorophyll. The problem 
remained, therefore, to secure leaf expansion and stem development 
approaching Uie normal occurring in sunlight witliout chlorophyll 
synthesis or photosynthesis. 

During the past year bean seedlings were grown under a series of 
seven irradiances respectively of blue (43fi m^), red (630-700 m^), and 
far red (710-1100 mji and 725-1100 nifi) radiant energy. The extent 
of the photomaturatlon resimnsg was measured hy taking weights of 
the loaves, and weights and lengths of the hypocotyl nnd epicotyl por¬ 
tions of^ the plants. Analysis for protochlorophyll, chlorophyll, 
carotenoid, and anthocyanin pigments were made in order to obtain 
a picture of the photo^nthesis and tdiotodecomposition of these pig¬ 
ments. 

The maximum photomaturation response occurred in the red where 
tlio maximum chlorophyll synthesis and antliocyanin synthesis also 
occurred. With blue of the samo energy as the red, the leaf expansion 
and decrease in hypocotyl length were much reduced. Although the 
amount of chlorophyll was less in the blue than the red, it was not 
decreased in proportion to the decrease in photomaturatlon response. 
In the far red, veiy marked photomaturation occurred at the lower 
irradiances employed without any measurable synthesis of chloro¬ 
phyll, which first appeared with this region at 10* microwatts per 
square centimeter. Since all measurements were made w*ith 10-cm, 
cells in a Beckman spectrophotometer, it is safe to assume that prac¬ 
tically no chlorophyll was synlhesized under these low-irradiancc far- 
red conditions. Therefore, the evidence is concitisire that the photo¬ 
maturation responses are not directly concerned either with chloro¬ 
phyll ^ntlu^s or photosyntheats, but are due to a regulatory mech¬ 
anism associated with a pigment having absorption in the far red. 
Absorption of this pigment also occurs in the blue, with tJie nmimum 
in the red. 

In addition, there is clcjir evidence that t he s^mtliesis of anthocyanin 
is also a photochemical response, separate and distinct from plioto- 
synthesis. Anthocyanin was always present in plants grown in com¬ 
plete darkness, but very marked increases occurred with the addition 
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of all wavebands employed, Antliocyanin synfhesi& was maximal in 
the red, which was from ten to one hundred timea as efficient as the 
blue^ At 10** microwatta per centimeter^ the ojitbocyimm 

content of plants grown with tlie red was doubled as compart to 
that of those in complete darkness. In the far red, where no photo- 
syntlicsis could liave occurred because of the absence of chlorophyll, 
the anthooyanin increased eighteen times with the TlO-llOO m^i region 
and ten with the 725-1100 region at the lO-microwmtt energy level. 
This appears to he strong evidence Uiat, contrary to previous theories, 
the light effect on anthocyanin synthesis is only indirectly related 
to photosyntliesis and that anthdcyanin synthesis can be the conse¬ 
quence of an independent photochenucal reaction 

A second phai?c of the research lias been ooncerned with the effect 
of growth regulators on the uptake of variom? nutrient salts by bcun 
seedlings. It w'as reported previously that the nitmtes, cldoridea, 
and sulfates of potassium, calcium, and magntisium were absorbed 
less rapidly by plants treated with 10 y of ammonium Sj-t-D on the 
leaf or bud than by untreated plants. The reduction in uptake occurs 
w^ithin 24 to 4^ hours after the application of the grow'th regulator as 
measured by a continuously recording electronic conducbiiice bridge. 
These reduced uptake patterns appear to bo chiefly related to decreased 
growth of the jilants treated w4tli the growth regulator. Unlike the 
other nutrient salt^ te^^tcK^ potassium acid phosphate, while eventually 
absorbed less rapidly when 2,4-1) is used.^ Is Lttken up by the treated 
plants ftt an increasct.1 ndo for a shoil period begimiiiig about G hours 
from the time of application of the regulator. Other work has indi- 
cateil that about 6 hours h apprnsin^atcly the length of time required 
for the ammonium 2,4-D to reach the roots of bean seedlings. This 
increased rate of absorption has not as yet been correlated with any 
change in metabolism of the seedling. 

Respectfully submitted* 

L. E. AujRicit, Director. 

Dr. A- Wetmore, 

Secretarff^ STnifMo^r^hn Imtilution, 
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APPENDIX 9 


Report on the National Air Museum 

Sih; 1 have the hotter to submit the following report on Ih^ activi¬ 
ties of the National Air Miiaeum for the fiscal year ended 
June 30;, 10521 

GENERAL STATEMENT OF CONDITIONS 

The phase of Museum operations that caused the greatest con¬ 
cern and required most concentration of effort thronghout the year 
was the care of tlie storage collection at Park Rid^, Ill. It wiU be 
recalled from previous annual reports that the former Douglas DC-1 
Transport Airplane Plant there was the collecting depot for signifi¬ 
cant and historic aircraft selected for preservation by General of 
the Air Force H, H. Arnold. \Vhen these were turned over to the 
Nstional Air Museum in 1949| it was believed most economical to 
leave them there until an adequate building could be provided in the 
Wafjhington^ D, C*j area for the entire collection. An efficient or¬ 
ganic tion was brought togctlier by the Museum to preserve and guard 
these stored aircrafts Meanwhile that locality became designated 
ag OTfTaro Pteld^ Chicago International Airporti and several United 
States Air Force unite were e^tabltehed there, the Museum paying 
rent to the Air Force for tlie space it occupied in Building T-^. To 
that storage facility the Museum brought other aircraft end mate¬ 
rials that could not be exhibited or cared for on the Washington prem¬ 
ises in the Smithsonian buildings. It was believed that this facility 
would continue to operate until Congress gave further consideration 
to tlie report presented to that body by the Smithsoniani in re¬ 
sponse to the section in the Act of Bstablishment which authorised 
the planning of an adequate building. 

With the advent of war in Korea it became evident that Govem- 
ment resources mu^ be concentrated upon the production of combat 
aircraft instead of applied to tlie care of historic ones, and early in 
the ijgcal year the international situation reacted directly upon the 
Air Museum when, on July 12, 1D51, an eviction notice was served 
by the Air Force requiring removal of all Museum stored material 
from the premises in Building T-6. Because of the national cmer- 
fisney the needs of the Air Force required expanded manufacturing 
facilities for aircraft and it had been decided to reactivate Building 
136 
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T-6 for aircraft production. While efforts were bdug made by the 
Museum to obtain use of premises in tlie northwest comer of the air¬ 
port, it wag learned that temporary housing for part of the storage 
collection could be provided in Building an adjacent hongarlike 
structure where Bays 5 and 6 totaling 00,OCX) square feet could be rented 
to the Museum. With winter approaching, thig move to T--7 was 
better than undertaking the project of rehabilitating the quarters in 
the northwest corner of the airport, but because the space In T-T 
wonld provide less than half of the urea retpired it was necessary to 
place the remainder outdoors between Buildings T-6 and T-T. The 
problem of protection was partly met by choosing those specimans that 
could best withstand exposure^ covering them with protective coat¬ 
ings and surrounding the area with a fence, so arranged that the 
largest boxes provided windbreaks for the aii:^raft. By moving to 
T~7 the eviction from T-6 was compDcd with 5 weeks ahead of the 
deadline of January 15, 

Hardly had this move been started, however, before the Museum 
was served with notice to vacate Building T-T by February I, in 
order that those bays could be used for a fighter-interceptor squa^^n 
that is part of the air defense of the city of Chicago. This could 
not be complied with because no place could be located or prepared 
to receive the Museum materlah Meanwhile the disassembliiig and 
packing project was expedited and more matorial was moved outdoors. 

Modifications in Air Force decisions involving the use of these 
premises relaxed the pressure on the Museum to move and permitted 
planning on a more dlicienti longcr-range baaia BecauBo the ultimato 
destination of this stored material is Wasliington, D. C., or viduityi 
The National Capital Planning Commission was asked to osiat. 
Following previous application for a site for a permauent National 
Air Museum Building, the Commission had recommended using a 
part of the Suit land building area. The Commission agreed to assign 
a 21-acre plot of this area for a storage site. 

Using funds that had been savod for the most part by reduced 
rental charges at Park Bldge, the area at Suitland was surveyed, a 
roadway and building areas were cleared, and six prefabricated But¬ 
ler buildings were purchagedn Eemaining funds for 1952 sufficed 
for the erection of only two buildings. With granting of tJic 1053 
appropriation the other four buUditigs can be erected, and a portion of 
the material at Park Bldge can be shipped. The efforts made at Park 
Bidge by the Museum manager and assistants to preserve the material 
there in spite of these conditioua are detailed in another section of this 
report. 

The enforced concentration upon storage problems has necessarily 
reduced tha amount of time that could be applied by the Washington 
office to local requiraments. Hero the exhibition program oontinnea 
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to suffer from lack of space, and activities are limited by the relatively 
small force of personnel, yet every effort has been made to keep a 
high standard for tlie displays and mformational services that are 
the two principal ways in which the iluseum serves the public. These 
and other activities of the bureau are covered furtlier in thia report. 

Tliere have been changes and reductions in personnel, the most im¬ 
portant being the retirement on April 30^ of Carl W* Mitman 
after 41 years with the Smithsonian, closing his career in the position 
of Assistant to the Secretary^ for the N’ationnl Air Museum. His 
thorough knowledge of museum techniques, educational metluxb^ and 
Go%Trnment piticcdures, combined with excellent administrative 
ability, gave to the Xationai Air iluseum a linn foundation during 
the critical days of its c^stahUshment^ Paul E, Gnrhcr w as niade head 
curator on April 10* 

Following the retirement of Mr. hUtmau, die bureau gave up its 
ndminislnitive c^uarters in the northeast corner of the Arts and In¬ 
dustries Building, concentrating tlie oflices in tho group of rooms 
ei'ected several years ago in tile opposite corner of the same building. 

The accessions for the year have brought additions to many parts of 
the collection, inchiding fnll-aiKcd aircraft, engines, inatrumenta, 
experimental and scale-model aircraft, pamcUutea^ and trophies. 
They also are evidence of a growing recognition of the function of 
tho National Air Museum by otlier Governinent departments, the air¬ 
craft industry* and individuals who with coiifidciice can entrust their 
signilicant treasures to the bureaii^s custody, enabling the i^Iuscuni 
to not only keep abreast of recant developments but also to fill gaps 
in the background story* 


ADVISORY BOARD 

Xo meetings of the Board were held during the year; there was 
one change in personnel, Majj. Gen. Donald L. Putt, U* S. A. F,, being 
replaced by Maj. Gen. Laurence C Craigic, tf. S. A* F* He and 
meinbers of his staff have been particularly helpful in enabling adjust¬ 
ments to be made between the limited resources of tlie Miiseuin and 
the eviction schedule of the Air Force at Park Hidge; arid also in 
effecting the preparation of the site for the new storage area at Suit- 
land, ild- The naval metuber of the Board, Rear Adm. Thomas S. 
Combs, and his civilian assistant for Museum liaison, Alfred V* 
Vend lie, Imve cooi>erated closely with the Museum officials in pre¬ 
paring and transferring selected naval specimens to tl^e Museum and in 
preserving other significant tiaval air items on nav.il premises until 
the Museum can take custody of them. The civilian presidential 
api>ointees to the Board, Grover Loening and William B, Stout, havo 
bwn of fiequeiit assistance in recommending that certain desirable 
objects be procured and in offering otJicr helpful suggestions. 
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STEPHENSON BEQUEST 

Separate merition wos made in the previous report of the bequest 
of George II. Stephenson of Phikilelphia, Pa.^ to provide for the Air 
ilugeutii an appropriate statue of Maj. Gen, TVilliam MitcIietL 
During this fiscal year Smithsonian ofiicials with the cooperation of 
the Fine Arts Coniraission gave consideraGon to the designa and 
capabilities of a number of sculptors, 

SPECIAL EVENTS AND DISPLAYS 

For the annual meeting of the Smitlisonian Board of TEegentSj held 
on January 18, the Air JIuseum prepared a display based on the recent 
development and use of liclicopters, featuring aa the central unit the 
prototype example of the "‘Hoppi-Copter,’^ designed by Edward Fcn- 
tecoat a manually supjwrted helicopter for individual transporta¬ 
tion. With this was shown a scale model of the Sikorsky XS-4, 
which accomplislied the first cross-country helicopter tripin America^ 
194S. The originul XE^ is in the iluseum collection but is stored 
for lack of exhibition space^ Grouped with the scale model were a 
number of photographs illustrating the other full-idxed helicopters in 
tiic coiketion* Of this gi'oup of eight, space is available for exhibit¬ 
ing only two. 

Tlie twenty-fifth anniversary of Cob Charles Lindberghk tmns^ 
Atlantic flight in the Spirit of SL Louts increased the normally high 
interest in tJiis airplane- Assistance was given to a nuinber of authors, 
historians^ and photographers who were recording the anniversary 
and to managers of radio and tcleviaion programs who included ref- 
Circes to this occasion in their broadcasts. Colonel Lindbergh him- 
Siielf visited the ^luseum during tins iJcriod and sat once again at the 
controls of bis plane as he made some notes on the flights in iWi ; his 
commendation upon tlie excellent condition of this airplane, wluch has 
been in the Sln^um continuously since 1^28^ was most gratifying. 

In connection with const ruction of the shop in the Aircraft Build¬ 
ing last year a broad space was provided on its outer wail, adapUble 
for pictorial displays. With the cooperation of Consolidated VuUee 
Aircraft a series of photographic enhirgciucnts was selected and 
mounted there, illustmting the progre^ of design throughout Die 
history of that company, ranging from the PT-1 of 1025 to the huge 
B-36 of to<ltty. Tlie Museum intends to rotate this of exhibit and 
will be pleased to make this same space available to oUier aircraft 
companies for similar displays* 

SURVEY 

Hie search for desirabk specimens to add to the collection, and con¬ 
tacts to determine theLr chameteristics and significance w ere carried 
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out this year largely by crirreapondence, most of the Museum’s fuuds 
for travel being utilized for trips between Washington and the stor¬ 
age facility at Park Ridge, for admitiiatratiTe purposisa. The results 
of surrey are rejected in the list of accessions which is in the last 
pages of this Report. The following trips were primarily for surrey 
purposes: 

Jair IT, b; the eaawiate eurator, R^rt Rtrobell, to lAncaeter, to Impact 
ftt the ftiftotr ot VaUep Frocks, Int., a sroup of early parachutes and other 
^uljuneitt datLdi; back to War L 

Au^&it 1-J. by lltQ enrator, to l^etrolt, vldnity, to clteck prcigneaa 

irn acaleiuodcLiof aircraft oiider cons^ictlon aod $£U^iect acrcumuHcal material 
aBaembled for tbe Air dli^tilay^ 

Mjircb SO, by ths iisgtidate caratep, to Uay ton, OMa, to confer rp^fardlo^ dotalla 
of dmwliii^s of tbe Wright Brotbora' S&wk aeroplane, and to dlacnss rnr- 

rent projects nt the Air Force Technical MuseimL 

Uoreh 24, by the curator to PtiUadelphja, Pa,, ond yldalET, la examine a group 
df aircraft engluea offered to the Air Museum by the Nayy. lo Ihifpect a Falndilld 
FO-2 photof^rapbJe airplane offered by Vlr^i Eaaffdian and to dlacuas develop- 
menu In air photography vflth offidala and tecbtddAas of the Aero Serrlee 
Carpomtton, 

IMPROVEMENTS IN SPEQMENS AND EXHIEITS 

One of the outstanding specimens received during the year is the 
original experimental mdio-contrured model which, through free- 
dight test, provided vital data for the desigo, constnu^on, and op¬ 
eration of the Consolidated XP5Y-1 flying boat. Unfortunately this 
model, 1 1 ID size, had been badly damnged in transit. 1 is repair con- 
stituted a problem that required a knowledge of the original proce¬ 
dures as well as the skill of expert modelmakers. This combiaation 
of talents was embodied In the designer who was responsible for de¬ 
veloping this progressive method of aircraft testing, Ernest Stout, 
and the exhibits workers of the Museum, Winthrop Shaw and assist¬ 
ant Peter Bisio. Working together they Have restored the model to 
its original appearance. Another model restored in the diop is an 
ori^nal small glider of E. C. Huffaker, who worked as assi^nt to 
Professor Langley and made a brief visit to the camp of the Wright 
Brothers at Kitty Hawk in 1001. In the wall cases surrounding the 
outer wall of the new shop In the Aircraft Building, displays of na^ 
tural flight, early concepts of humaii flight, lighter-than-air craft, and 
parachutes are being placed. Because these are elementary phases 
of aeronautics and the cases are near the entrance to the building they 
constitute an interesting introduction to the exhibits. Other exhibi¬ 
tion cases that have been improved during the year include the one in 
which an early airhold ia shown with aircraft of the period 1908-16, 
the case containing famous trophies that have inspired progres in 
aircraft demgn and performance, the memorioi case to Amelia Ear- 
hart, and the three large cases in which progressiva types of airplanes 
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used by the Nevy, Air Force, and Air Mail are grouped in chronologi¬ 
cal sequence. Several additional toodels, heted in the lot of acces¬ 
sions at the end of this report, have expanded these groups. 

Usual cleaning and preservation treatmenta T^ere given to the Lilien- 
thal glider, the Kitty Sfirit of SL iouw, Fokker D-T, Gmm- 

man F;JF GvlfhawkS, and Bepublic F-S4 ThundeTjeL Manne¬ 
quins with clothing resembling tliat of Otto Lilienthal and Orville 
Wright were prepared with tlie cooperation of the L. A. Darling 
Co., and placed in the glider and Kitty making their methods 

of control much more understandable to the public. The progres¬ 
sive line-up of xJO’^cr units along “Eingine How” in the Aircraft 
Building continued to be improved by rearrangements: additions, and 
selective substitutions- Two important specimens were put on dis¬ 
play; namely, original rockets developed by Bobert Goddard 
(1882-104B) who, in some of hie earlier experiments was assisted by 
grants from the Smithsonian and later by the Daniel and Florence 
Guggenheim Foundation, These rockets, showing types of 1034—S5 
and 11139^1, were conditioned and labeled with the helpful assistance 
of Itrs. Goddard; additions to this group will soon be added. Tlve 
display of the Hispano Suiza engine of World War I has been im¬ 
proved by placing with >t two large photogropi^ received from S. E. 
M, Hispano Suiza, Colombes ^Seine), France, illustrating the orig¬ 
inal Birkigt derigm of 1916, and the engine used by the renowned 
French ace George Guynemer. 

Each of the accessions received during the year that could be ex¬ 
hibited provided an improvement in the displays; it is regretted that 
lack of apace prevents showing all of them. The Kavy Department 
was responsible for adding 10 engines to the csollection, several of them 
from the earliest years of human flight; but the outstanding addition 
was received from tlie Curtiss-Wright Corporation, with grateful ac¬ 
knowledgment to George Fsge, ptominent aircraft designer, who 
has helped to protect this wonderful relic throughout the years until 
it could ba placed in permanent care. This famous engine is the 
prototype for those made by Glenn Curtiss for the early airships of 
Thomas Baldwin and the pioneer airplanes then being developed by 
the Aerial Experiment Association headed by Alexander Graham 
Bell. Curtiss decided to test this engine in a motorcycle, and at Day¬ 
tona Beach, Fla., January 04, 1907, eslabliahed a world record for 
human speed that lasted for many years—13T miles per hour. As 
a motorcycle, this specimen is unique, but as a test bed for au airplane 
engine it is one of the m<»t renowned in aeronautical history. The 
collection of trophies was greatly improved this year by the receipt 
of one of the most famous, the Collier Trophy, which since 1911 has 
inspired progress. Of the 35 awards of the Collier Trophy to date, 
25 of them are now represented among the Air Museum’s collections. 


142 ANNUAL ttEFORT £M1TH&0N1AN INSTlTUnON, 

The Collier Trophy, together with the Brewer Trophy ami the Kleiuia 
Plaque, will be withdrawn briefly each year for ^ceeedlng presenta¬ 
tions and then returned to the Miiseura for continued public view; 
but the Wright Brothers^ l^Iemorinl Trophy is the original replica 
example and will remain permanently in the iluseum. Two examples 
of impressive contrast are provided by new acc^ions; these are the 
“Gibson Girr^ radio^ used for emergency rescue in World War II, com¬ 
pared to tlie Lear automatic pilot and radio equipment used by Capt, 
C. F, Blair, Jr*, in his polar flight from Norway to Alasha in 1950; 
and the reproduction of the original Wright Brothers^ wind tunnel, 
10O2j compared with a modem precision steel wind-tunnel model of 
the Grumman F7F 7'igercat Other accessions supplement existing 
exhibits. These are (he model of the Cloud»ter received from Douglas 
Aircraft as an auxiliary sixhcimen to their World Cruiser and 

the droppable landing gear used in the taie-offs for Wiley Post’s 
substmto^pherc flights. Botli the Ckwago and Post's Winnie Mae 
have been in tJie collection for many years* Ali«j in this category 
are the original telemetering and film instruments used in the super¬ 
sonic flights of the Air Force's Bell X-1, which, now that they have 
been released by the National Advisory^ Committee for Aeroneutics, 
can be placed with Uic plane in the Aiivraft Building, jimong 
(he yearns acce^ions, perhaps the mo^t prophetic specimen ia the 
Delta wing model, one of the bEisic concepts of tliis design* Further 
mention of eacli new specimen ia given in the last part of this report* 

STORAGE 

Some of the difficulties encountered in Ending quarters for housing 
the Air Museum s storoge collection have been described* Among the 
assembled aircraft five were maintained flyable and of Lhosep two— 
the B—£9 (7a}/ and the B-17—D Swooee —were floivn to other 

storage areas. The Beechcraft BoiiLtuza Waikiki Bee<^h wtis, at the 
request of the donors, Beech Aircraft, returned to them. The Douglas 
Mh^aeter was disa^embled and moved away by truck to an 
Air Force storage area. Even after most of the boxed material had 
been moved into Building T-T, another partial move had to be made 
within the building when the roof developed serious leaks, and speci¬ 
mens hod to be kept away from the dripping and puddling water. 
Following a careful scrutiny by the Adviaoiy Board and officials of 
the Air Force and Air Museum of the aircraft that had been gathered 
at Park Bldge, LG were scheduled during the fiscal year for separation 
from the collection. The handling of the^jo planes as they left for 
otlier Air Force Bases or educational institutions and elB&wliere was 
a large task* Disassembly of nine full-scale aircraft iireparatory to 
boxing presented unique problems l^ecause many of these were obsolete 
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or of foreign nmke with little or no printed data aTailftble to gorern 
procedure, Twenty-fiTe aircraft were bosetl during the yew, each 
one presenting its own problems of handling, placing, bracing, and 
enclosing; 30 boxes were required for the total, some planes needing 
extra containers for wings and comiioneiits. Mony of the bftxes in 
which aircraft had originally been receiced required repair during the 
year, and all those tliat were placed outdoors had to be roofed with 
Waterproof covering and sprayed with heavy Abesto liquid. This 
exterior protection supplemented the careful coating of the aircraft 
and engines inside with Pnrelketone, Cosmoleue, and other applica¬ 
tions, each best suited to the surface being protected, Nine engines 
were boxed cluring the year, but at tbe close of June all 1,')1 engines 
were due for another inspection, preservative coating, and dehydra¬ 
tion treatment. In many instances tlie handling, disassembly, and 
preservation of specimens required special study and care by the stall 
to determine best procedures. 

Eecause of tlte precarious status of the storage bousing, few items 
of new msterial were brought to Park Bidge. Enforced concentra¬ 
tion on other aspects of the work left no opportunity for inventory¬ 
ing, but guarding wea maintained on a SM-hour schedule, even tlirough 
severe winter nights. During one particularly bad blizzard all hands 
had to drop other assignments and make a powered snow shovel to clear 
paths to the outdoor boxes and aircraft. li\ith it all some time was 
found to assist re^arch workers using the collection for study purposes 
and to prepare some educational displays requested by the Air Force 
for recruiting purposes. 

ASSISTANCE TO OTEIER ACENOES 

The tangible evidence of aeronautical progress and history em¬ 
bodied in the collection, the uitensive filefl maintained as auxiliary data 
for tlie material on display and in storage, and the expert knowledge 
of the staff are fre([uently called upon to be of serrtce to government 
and industry and to students, engineers, authors, historians, and 
others. This is one of the most interesting phases of tlie work and 
pays a direct return to the nation for the maintenance of the collection. 

It is particularly gratifying when the possibility of accident can 
be forestalled. Tlie Bell Suptrsouic airplane X-1 became a source 
for such service during the year. The Notional Advisory Committee 
for Aeronautics, the Navy, and Air Force are continuing to use similar 
aircraft for high-speed and extreme-altitude research. In July the 
National Advisory Coinmittce for Aeronautics was faced with the 
problem of determining the safety factor and life expectancy of the 
high-pressure jutrogen spheres in supersonic aircraft that were flying 
at Edwards Air Force Base on regular test hops. Wlien KACA 
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found that the onljf spheres available at that ba^ for testa were in 
their operational airplanes thej turned to the KationaJ Air Mnseuni 
for assistance rather than ground their airplanes and interrupt their 
essential research. The Museum agreed to lend the spheres from 
the X-L Tli0 test consisted of pressurizing the spheres to their maii- 
mum of 1,500 p, s. j. and then reducing the pressure to zero, thus com¬ 
pleting one cycle. Tl>e spheres indicated failure at approximately 
1,800 cycles. It was found tliat NACAs airplane was very close to 
the safety factor established as a result of these tests; tlierefore, their 
airplane was grounded for overhaul, At the close of the year ar¬ 
rangements had been made to reinstall the spheres in tlie Museum’s 
BeU X-1. 

The Department of Justice, in connection with patent claims, has 
been investigating basic types of attachments used in parachute gear 
and found interesting examples among the early parachutea in tlie 
collection. This Department waa also agisted in looking np original 
types of engine mounts and shieldings. The technical-data olSce of 
the Bureau of Aeronautics was assisted in compiling records of 
trophies and awards, in which naval personnel were represented. 
The historical office of the Air Force was given as3i.stftnoe In .setting 
up forms and methods for recording historic specimens, based on pro¬ 
cedures proven through the years in Museum practice. Tiie Signal 
Corps was helped in tracing t3pc3 of kites used to eupport radio 
antennae, and Coast Guard consulted tlie Museum specimens and 
records to trace techniques used in air-home human pick-up gear. 

Educational institutions that benefited from Air Museum assisbinoe 
included local schools that were advised regarding their aeronautical 
curriculum. The University of Pittsburgh was helped in tracing 
details of the aerodynamic testing devices constructed and used by 
Prof. S. P. Langley, tliird Secretary of tlie Smithsonian, when he was 
at tJic Allegheny Observatory in 1886 before coming to this Institu¬ 
tion. Tlie Jam Handy organization of Detroit, engaged in prepara¬ 
tion of training films and texts for the Navy and other users, turned 
to the Air Museum for help in compiling a history of helicopter de¬ 
velopment, The Musee de TAir, Paris, France, tiirough its distin¬ 
guished conservateur, Charles Dollfus, requested aid in improving its 
files on the NC-4, U, S. Navy fiying boat, 191P, first to fly across the 
Atlantic; and tlie RB-l, racing plane of advanced design entered in 
tlie Gordon Bennett Race of 1020. It was a particular pleasure to 
assist Mr. Dollfus, in view of his many kindnesses to the National 
Air Museum. 

Assistance to industry has been in connection with filling in lost 
records of past accomplishments in a variety of instances. The con¬ 
tacts that are most gratifying are those in which the Museum recog¬ 
nizes the significance of some treasured object preserved from the 
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days of the company’s pioneer origin, and it is agreed to place it in 
the Museum wliere it can take its deserred place in the collection. 

Over 700 correspondence requests for information have been an¬ 
swered dnring the year and 3B6 photographs distributed. 

The committGea upon which the head curator served during the 
year include the Brewer Trophy Committee for the National Aero- 
iiautic iVssociation which annually chooses an outstanding person 
who has contributed to youth education in aeronautics; the National 
Science Fair bonrtl of'judges, which selects deserving students to 
receive higher education in science; and the Kill Devil QiUs Memorial 
Association Committee, which is planning to erect at Kilty Hawk, 
N. C,, a museum to commemorate those accomplishments of the Wright 
Brothers tliat were perfonaed at that 1 option. 

The head curator gave several lectures during the year on various 
phases of aeronautics, including kites, the air mail, development of 
airports, and different aspects of the history of aeronautics; and the 
associate curator, Bobert Strobell, has ^nductrf tours of the collec¬ 
tion for different giouiis, notably the international exchan^ group 
of flight cadets from 16 nations who were guests of the Civil Air 
Patrol. 

IMPROVEMENTS [N REFERENCE MATERIAL 

Great improvement in the reference material Uiis year was accom¬ 
plished by the associate curator and two clerical assistant^ This 
material includes the Air Museum’s library of hooka and periodicals, 
the original correspondence and source records for specimens, exten¬ 
sive data on all phases of uoL Ouautics in die form of scaled diiuensioiiGd 
drawings, iUustrutions, tcxls, catalogs, clippings, and excerpts from 
correspondence in which detailed infomuition wag received or given; 
and. tho photograph file which is a numbered and cro&referenccd 
collection of mounted prints for which uegatives are maintained and 
from which prints can be supplied at cost. During the year this 
collection has increased substantinllj with particular emphasis upon 
aircraft of World War II. The process of indexing, captioning, and 
mounting was improved so that all material received during the year 
was indexed and filed, and the backlog reduced. Improvements were 
also made in the system of recording accessiong and specimens 

For several years the National Air Museum has been collecting 
riodicals in !Ui effort to establish a functional reference library. Indi¬ 
vidual collections received from tho National Advisory Committee for 
Aeronautics, B. M. Kindermaii, Scott Appleby, Smithsonian Institu¬ 
tion duplicate stacks, and other souixis remained in storage imtil it 
was indicated tiiat sufficient material was avaitahte to establish the 
periodical libitiFy. Further iiuiietus was given to the project when 
it was learned that the Division of Aeronautics, Library of Congress, 
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was planning to dispose of its large collection of duplicate periodicals. 
Arrangements were made to screen tliese duplicates^ select iraues re¬ 
quired to till gaps in tlie National Air Museum collect!on, and tnmsfer 
the material to the Museum. Accordingly the first step was taken in 
March when the National Air Museum^s collections were screened and 
cataloged so that the required issues could be selected from the Library 
of Congress, About G|000 periodicals were selected. Early in May 
the integrating of all the collectipiis was started, with an estimated 
18,000 periodicals on hancl. Space was proTided in the cast room of 
the offioo suite. By the first week in June the periodicals had been 
placed in chronological order ready for reference use, 'fhis periodical 
library now consists of all the major aeronautical titles published in 
the United States and two titles publJshcil in England. While some 
volumes ure incomplete^ all years are covered by at legist one title. 
The intention is to establish a ready reference library of major titles 
only. The pcricKliculs are now being cataloged on cards which will 
serve the usual record purposes and in addition list shortages for in- 
tens!fled search to complete the volumes. 

Detailed draw ing^jof the Wright lirothers^ Kiity Hawk aeroplane 
were prepared by the ilusical Arts and Educational Foundation, Day- 
ton, Ohio, under the direction of Lh 1\ Christaiau. 

Other additions to the reference files w ere received from W. B. Stout, 
who lent drawings of the famous Ford-Stout airliner of tlie 
Ivan Jerome, ’ivho improved the file on helicopters; ^Maj. Kijnbrough 
Brown, long a friend of the Museum who, no^v in Euro|>e, sent en¬ 
riching material on forcigi^ aircraft and some rare Ixxjks; Capt- 
Holden EichardMii, U, S, N., who, under as^ignmeut from the 
Navy Department in the interests of the l^luseum, prepared data from 
which a model of the Navy S2-A seaplane could be constructed, this 
being the first plane designed by the Navy and Captain Hichardson^s 
original project in At the close of tlie fiscal year Capt-ain Kich* 

ardson was preparing drawings and data on the NC-4. E. H. Heine- 
mann of Douglas Aircraft sent illustrations of Douglas types, 
performance cliarts, and other very informative drawings^ Fred Wise¬ 
man, of Berkeley, Calif., sent copies of contemporary accounts of his 
pioneer flight with air mail iit 1011; K. AV. Orisw^old 11 was very help' 
ful in improving the files on delta wing configurations; and Capt, 
Charles F, Blair supplied descriptions of his renowned Jlight over tlxe 
Nortli Pole, May 1051. 

The following reference material, coiisidcred especially noteworthy, 
has been separately entered in an acknowledgment filei 

Warren M. liotWe aod Jnt&eis J. Slann, Aero lllatorkal Skfcietjp Vna Nu>-b, Calif.: 

A ctiUectlcEL oC 1€ phdtoETPrtii^ and T ai'gatlvcs of rqclug iitrcrnrt eial otbot 

id^tiianat typofl. 


SECBETaRT'S repost 


147 


Warren M- Boclle aniJ Oeiirge IL Lnwloi-. Maul)nt tan Bpiicli< Gatlf.t A tlrce-Tlelii 
dimensional W-Til# drawing ot the Curtlftf B-d Army Baccr, 1922, drawn ty 
Sir. Lnwlor. 

Vincent J» BurnclU, New York: A coHeetion at 1,1 !>£ pkotograplis liertlnent td the 
AcroTnorlne Plane nnd Motor CoTporatlon. 

Deportment of the Kavjf, Bureau of Aemnaytlcs, Wnahington, D« C.: A collection 
of 130 enlarged pbotograiilw coyerliig naval ( 1 %-iatloa history from mil to 1051, 

research 

The many requests for information received during each year require 
extensive research by the staff, while the preparation of displays 
entails extended study in order to prepare correct labeb and present 
the material in its and most complete form. In addition, the 
staff members, when other obligations permit, engage in separate 
research projects with a view to improving the collections and hies. 
A study of biographical material on noted airmen of World War I 
has yielded interesting facts and exhibition material. The develop¬ 
ment of helicopters is a project undertaken in connection with the 
Aviation Industries Association and several manufacturers and has 
brought in significant specimens, photographs, and texts. Apprecia¬ 
tion is expressed to those authorities who have assisted with other 
research undertakings^ these include JIrs. fcsther C. Goddard, who 
personally chocked labels to be cxliibited with the rockets developed 
by her late husband j Burdette Wright, who supplied helpful refer¬ 
ences on the Curtiss P-40; and James Ray und his son, who gave 
information on autogiro theory and operation. 

ACCESSIONS 

Tliis year the bureau received 110 specimens from 21 sources, eom- 
prising 30 separate accessions. Those from Government departments 
are recorded as transfers; others were received as gifts, except as noted. 
Each has been entered in the permanent records of the Museum and 
formally acknowledged. 

Am FoitcE, Depaktuect or. Wnslilaston. D. C.: Ntwe and codtpit seetton of a 
Ropubtlc Xr*.Sl TAtiiwrer/ef complete with InBinimenta and Hiulpaient siowlnK 
the jillofs comparttiient of a lyi>e mm In Bervjee In Kiirea (N.A.U. 73^T>. 
Auiaic.Mr HELicOfTTR Societt, BrJdKeport, Conn. : Tie AJerander Kleuiln Award, 
H pineque preaeniwJ aimuaUy by Uie 3ociely for uoUible ochlerennjut In rotnrJ 
wine rteranButlra (N.A.M. 7S2, taiin). 

Beswk AviATitia Cow., North Holb wood. Calif, t A "Gibson Girl" antojBUtli: 
mdio tranBinitler with kUe^aapperted antenna nJsed In World War II for air- 

sea rescue IN^-^.SL 74D}., 

CHitraLKa Moraa Cfflip., Delralt, Mich ; A llrinB model airplane, bnllt by Henry 
St tuck, which, lu n competitive eport centeat at Alameda, Calif., July to, 
ima, wfHiiMored by tlio doaors and by the AcBdcmy of Slodrf 

Aerannntlcs of the National AeronauHc AsBodatton, attuJncd s speed of 
£0.634 mtdii ann'asslng the former Unssimi record (N.A.M. ISfl)- 
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Tmi™ A imniAt T' CcKP,, San Dlepw^ Calif -1 (Throusti BrniofiE Stioot 
and viih tcmperatlaii of tbe BepartnK^t of Uie KftvT-) A rodlo-ooiilfoUod 
1: Id-Blie freo-flyinE model with whl-cli many Jaiportant cbarttCteJlstlca of the 
full-icilo Conv&ir XPOT-1 ny\Ti^ boat prototyi* were determined (N-A.M. 
Tsai. 

CuiTtflfl-WBioRT Coiff.. Wood EldjEo, N. J.: (Throngh George Page-) The orig¬ 
inal motoTTjcle made by (Sleon E. Curtiss, 1000, and used hs a test bod for 
h!s 8^L 40-hp Vee aircraft engine with which lie estubll^bed a world speed 
record of 1^7 miih S4, 1007 734). (Through the Wright 

Aeronautical Divistoji,) A conecUoti of IT eihlbitlon scale rnodels of alfplanea 
produced by the Carl laa-Wright Gorp,, Airplane DirlBlont dnrtDg the period 
1028-44- M^sdel^ rary In iCnIe tN.A_M. 721). 

DotrotAs Aiscaarr Ott* Santa Moiatca, CallL: An eAhIhItlan niodelp scale 1; Ifl- 
of the iHiaglfls Uloudaisr. One of the first deal ges pfradttced by Donald Boiigins 
and hla associntes. 1921 (N.A.M. 74TK 

EpocATiOEfAii asm Mobical A^tBp Dayton, Ohio: Scale drawings, dimon- 
Biancd and In dotali, of the Wright Brnibers’ JToiat aeroplane aC 1^, 

drawn fay I* P, Chrlstmnn, nsing aa a basis the original aereplano, tlie originil 
drawing fay tS?e Wrlfifat Brothers, and notes made by and In the presrooe af 
OrviUeWTlgbE (K.A.M;7^). 

Hom-CoPTEB, Iso-^ SenEtle, WobIu: The prototype "Hoppl-Coptcr^^ designed in 
1045 by Ell ward Pcniecost as a matnially aupported one-nma helicopter (N.A.M, 
720)* 

HtTvmtAf Chasles H., DleTcLaiid, Ohio* An oxhSbItidb model, scale l! 16, of the 
Wright Brothers' Type EX acrotdene Tin Fii In which C. P. Bodgera made 
the first tranBcontlDcntal flii^tt 1911. The model made by Mr. BuhbeH lUiie- 
trntas the aeroplane as It appeared at the taktMjIfp September 17 [ many repairs 
and replaoements had altered Ita appearance when it oomplelcd the flight 64 
days later (NAAl. 746, pnrehnse). 

ijEAK Iwc^i Grand Baplda, MEcb.: The mdlo erEDipmcot and acceasorics for the 
antomatle pilot Inatallcd in the P-^1 airplane £*OBfiAtir-//jr tn which CapL 
a F. Blair, Jr., flew from New York to Ix^ndnn, th&nco to Bardnfo^ Nafw'ay, 
noroes the North Pole to FairhahtSp Alaska, and on to New Tork, 1951 
(N.AU. 745)- 

Natioital Advisort Committee ew* AaaoaAtrrJca, Washington, D. C. t Inatrumenta 
Qsed in the original Irtna-eonlc flight of the Air Force Boll X-l, October 14, 
1947, cOTfipfWng 4 telcmeteiinf IrLStnments nnd 6 liliji^recfltdlnf InEtmmetits 
(NJi.Bi. rit), A wind-tnnnel mo^lel, scftle 1:7, of the Naval Grnmmnn flghtor 
airplane, Ijpc XF7P-1 Ti^rrat, 1M3, oompiete with suppotis and mano- 
metering extenaJoiiSp as used in the 8-fb high-speed wind tunnel at lAnglcy 
Field, Tn,, for research tests on the F7P aeries 7£S). A free-flight 

sling-shot glider model of the LodlnKton-Oriswold delta wtng design, 1844^ 
and the Instrnnjent panel from the German Lippiach delta wing aliicrafi, 1045 
(NA.M. 736). 

NationA jstOdtAtmo AsfiociATiO]^,^ Wnahington, C-: The Frank G, Brewer 
Trophy awarded anno&lly, since 1643, for “'ihe greatest acbievcmctit tn the 
field of air youth edncallon nnd training^ (NA-AI. 733, loan). The Collier 
Tr^by, awanled annuntly* since lOU, for “the greatest aeblevemcnt In aero- 
nantlca lo America the value of which haa been thoronghly demonatrated by 
actual use during the previous year” (NA,M, 73*+ ioBn>. (ThTough John 
Victory. > The "Wrlgbt BrathEra' ItemarUl Trophy iwarfled annuallyt *l*H» 
1&43, for *'algnlficunt pld^lle B 0 rvlre of enilarlng valne to avia tl an in tba United 
SUtes- (HiJLjl. 730). 
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Nattonal CAca lUQcaTtB Oa, D« 7 t«D, Ohio; (Tirongli 0»fI Bciurt.) A 
»t 2 ed rcprodacUoii (0 ft. i Ifl la.l of U» Wripht Brother*' wlad tunnel, 1802, 
eomitlete rrJth Jjalancw, nlrfoll#, and other test ahnpee, and «tih Its S-blnd^ 
fnn mounted en it firiniJer-head and japported <hi a wooden post as In their 
orL^uI inatallJiUoRS (N.A.M+ 741), 

Kavt, Dkpwmkst or, Wnahluglra, D. C: OrlRlual wind-tunnel model of n 
Stnrteriuii S-» KapUuw. IBlfi |NA.ll. T23). A rocket eiiifltie. tescneraUvelT 
cooled, deslpied hr James EL Wyld, and tested, ItBS tNA.M. 73lJ. (Thrtueh 
the Ofiiee of Naval EtcacaTCii, Rpcdul Devices Center, Port WaslnOEton, 1 j. I.> 

A General Slectric 1-16, J-3i jet engine, cnt-awny oaiople. l^iOO poends etntic 
tlttuat. at 10J5M r. p. m.. 1W2 (NA-M. 7«), Two Jet aircraft cngHies-a 
German Juciers Jumo 004. IJ&SO pounds static tlinist at ebout »,700 t- It 
l£W3, and an English DcHavlUand Goblin, 3.000 pounds static thfinit at ift2«) 
T, p.'nL, 1(M3: both herlug parts sectioned and cut away to show coiLHirucilou 
end npemtlon (NA.hl. 744 >. Seven rtclprocatlng aircraft engines—a Wright 
Brotbera* 4^;yL upright SO-hp. at 1,200 r, p. », of 1010 i a Wright Brother* 
fldcyl. uprl^t 00-bp, nt 1.400 r. p, tn. of 1812: a CurUss ^yL upright BO-hp. 
nt 1^r. p, m. of 1013: a Cnrttes K-0. tHtyl. upright ISO-bp. at 1,700 r. p, m, of 
1018: a Gnat A, B. C. (English) apposed, 4S-hp. at l.BlS r, p. m, of 1010; 
a Banger T-770-8, 8 <tI- Inverted Vee. dSO-hp. at 3.15(1 r. p, m. of 1041; and n 
Packard-Ucrlln (American veralao of KhgUsh ItoUs-Roycc), V-IBSO-T, IS^yL 

Vee. 1,400-hit at 3.000 r. p. is. of 1545 (SAAt. 748). .^ „ 

Nawcoitn, Chajilsh J., Bnltltnore, Md.: An exblhltlon model, ■cale 1:10, of lUe 
Glenn I* Martin TT airplane, one of the first tractor designs ordered by toe 
Aviation Section of tbe D. S, Blgmil Corps and the Navy, 1514. Tbl* wa* a 
a-plncohlplnnc powered with a CurtL'>s S»-hp engine and with a speed of 65 mph, 
U was described by Grover Lofsning, then Aerouanticnl Engineer for the SIboiU 
tXirpe, a* the Army’s “Bret really safe and satisfactory tmlnlog airplane” 
(N.A,M, 725. purchase). 

pAnKEs, William D,. Bartlesville, Okla.t n'hc droppable landing gear, radio 
Bct, and loop nnleana uswl hy Wiley Post during his continental autmtratoaiiljere 

fltehta In the B'luHte Ifoc, 1085 (N,.A.M, 746). . . _ 

Puatt R WnTTSBT ABWSAyr Division, CKirn* AiwiAfr. Rust Hartford. Conm. 
with assistance of Harvej Upplncoti; Engine accessories embadying rignlil- 
ennt developroeuu of the World War II period, comprlglng 7 carburetors, 3 
automatic angloc controls, and 7 other accessories, cut away to show con- 
Btriictloii (5S,A.M_ + 

WiLLiA4i B.i ptoeiiti, ArSi,, w[th cooptmtiM of thi? Unlvmftly Detroit: 

The Stout Bfcp Pnr, a 2-iiIacc hlgh-wIng monoplane, nll-motal conatmctloa, 
with ptuher engtae, designed as a gcueral-pnrpose sport plane. 1881 (NAM. 

TonriKo, E. W„ of Topping -Models, Akron, Ohio; ErhlhltloD model, oeale 1.4B. 
of the Glenn L, Martin Co. P4M-1 Jfercofor. long range patrol airplane, 1548 

(NAM. TIM). , . , _ 

t’ALLET PnocKS, Isc.. Lamsster, Pa.! A selected collection of paw^utM, ^- 
chute i«rts. and other aeronautical gear dnUng from 1518 to l»42 (H.A T23). 


Edspectfully submitted. 


PadlE. Garber, Head Ourator, 


Dr. A, "Wetsiohe, 

Searetary^ SniithaOTiiain IntHtutioA. 
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Report on the Canal Zone Biological Area 

Sm: It gives me pleasure to present herewith the annual report of 
the Canal Zone Biological Area for the fiscal year ended June W, 1952. 

BinLDIKGS AND EQUIPMENT 

Construction of the new 2-story laboratory begun last year was 
completed. The entiro ground floor is now of reinforced concrete, 
eitcnding 5 feet beyond the building on all four sides. Tile ground 
under the concrete was treated ivith sodium arsemte^ ns a protection 
against tomites; nil four sides were walled in with terra-cotta blocks 
faced with cement; and the building was surrounded by a concrete 
ditch* Tlie lower windows are in aluminum frames, and all windows 
are provided %vith plastic screens. A photographic dark room, 15 x11 
feet, is included. Two laboratory moms, 15 x ^ feet, were built, each 
to accommodate two to four sclentistSi These rcx>ms will be provided 
with beds and drears, and it is hoped to install dry closets in each. 
Funds to inwall slnka, work tables, and shelves will need to be supplied 
later* 

TJie ground beliind the building was leveled and a pit dug for an 
additional concrete water tank to store the runoff from the roof of the 
building* Since this i-cservoir is urgently needed^ it is hoped that 
it can be completed during the next fiscal year. 

The ground floor of the zinc-meta-arsenitc building, just below the 
main laboratory building, was covered with reinforced concrcto and 
will be available for laboratory use. The building has two rooms, 
each with a separate entrance, which will comfortably accommodate 
two persons in each room. The lower floor of the main laboratory 
has been cleared of miscellaneous storage material, and tins has 
about doubled the avaiUble working space for scientists. 

The librarj' and herbarium now in the Haskins building are being 
transferred to rooms on the upper floor of tlie new building. When 
this cliange is completed, the kitchen equipment will be moved into 
the larger, fireproof Haskins building. The toilela and showers, 
now in the main laboratory building, will then be moved into the 
old kitchen building* 

Tlie large main building, which accomntodates six pei^ns, ia in 
satisfactory general condition but wdll soon need repairs to screening 
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RDd the addition of a dry storage room. To reduce the fire risk, the 
attic is no longer used for drying purposes. 

The resident manager's house and the building used for the East’ 
man Kodak Co.’6 research on deterioration and corrosion ate both in 
good shape, Tlie Barbour cottage, which can accommodato two to 
four persons, is in good repair. The old Chapman building is serv¬ 
iceable but not in too good condition; with some repairs it can hist 
about two years more. It accommodates four persons, and all the 
ground floor is used for laboratory purposes. 

The building now occupied by the caretaker and the dormitory 
for the cook are in good shape; but the dormitoiy for the laborers 
needs repairs. 

The trail-end houses on Barbour Point and Burrunga Point now 
are usable only as temporary shelters from rain. The treated-wood 
house at the end of the Drayton Trail and the Z-M-A house (Fuertes 
House) are in good condition. The shelter at the end of Zetek Trail 
is in fairly good condition but needs some repairs. 

Tlie old generators for light and piiwer are no longer in shape to 
operate, except one 6 KVA, and that one is far from satisfactory. 
The new 15 KVA Dicsel-driTen generators, now on order, should 
give satisfactory service for at least 10 years. 

The floating equipment is in good condition. 

MOST URGENT NEEDS 

The most pressing need is for a concrete platform building at the 
dock to house the two new generators soon to arrive and the Diesel- 
oil storage tank, witli loading and unloading equipment at Frijoles, 
Next in order is the concrete water-storage tank behind tlie new 
building. 

There is a real need for suitable dry closets; these should be made 
during the coming fiscal year. Reducing the humidity to control 
corrosion and deterioration cannot always he accomplished by heat. 
In some cases the use of dehumidifiers ia preferable, especially in 
Uie photographic darkroom and where chemicals are to be stored. 

In the new building, sinks, shelves, and closets should be Installed. 

SCIENTISTS AND THEIR STUDIES 

The principal purpose of the Canal Zone Biological Area is to 
provide a safe tropical environment for research. In view of the far- 
flung interests of our nation, it is of vital importance that problems 
related to tropical conditions be solved in advance of tiic need for 
information on those conditions in defense operations. Work of this 
character is done by many scientists from uni versities and institutioos, 
esessD—ea—ii 
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and at no oispense to the Govemmcnt* TKis research slvould rocaiTo 

every encouragement. ^ 

During the 1952 fiscal year, 43 scientists ivere on the island. The 
high cost of transportation to the Canal Zone still keeps many from 
coming, and eoma of those who do come cannot spend as much time 
on tlie island as tliey would like. A list of tl^e season's investigators, 
with a brief summary of their researches, folio we i 


7f»frtrli00ttor 

Atwater, Mr, and Mrs. R M,, eiecntive Becretnry* 
Anicrtcan Public Health Ass&ctatlotL 

EealCp Dr. James A., In charge of dlflflloo of forest 
tzksect U. S. Bnienn of Bnt&- 

mology and FLnnt Qaamntine. 

njalr^ J, P.p New York Zootoelcol Sodetj. 

BonrUere^ Dr. professor of medldne^ Facnlti 
de Medoclne, Bno Hn^uianit Paris. 

Brana, Dr, Anton H., director of oeeano^rrapbfc 
exploration, DanisU De^ Sea Expcdlttoa 
(10KHJ2). 

Bull. Joha Lt. Jr., aecrotniyp Ummeun Society of 

New Yorh, 

Chcrbonnlcrp Ur. and Urs. B. dt Member of advia- 
ory ceuncilp AjsrlcuUurnl Research AdinliilJ?tra- 
tlon, St Ionia, 

i:KckJnEUD, Sam, artist, Datverslty of Kansaa, 
LawrencoH Kana. 

Dunn, Dt. nad Mrs. Emmett R,* professor c£ 
toology* Hflverford Colleijep Haverford, P*, 

Elscomiun, Dr. Eugene, New York, N, T. 


EUISt Dt, Ha^Ql It, head nf hlology departmantp 
KeuM C^UegCp Keulu Park, N. T. 

Fairchild, Dr. Dmham IL, staff euioniDlogEat, Gor- 
goB Memorial laboratory, Panama City. 

Hall, Dr, EL RayEnond. professor of soology, Dnl- 
rersity of Kansas, Lawreace, Kana. 

IngleSp Dr. and Ura. Uoyd professor of zoology. 
Freano Bta te Oollage, Fresno, Cnlif. 


Jackson, Dr. WUHam, JottiB Hoplsiiut UnlTrrslty, 


PKncfpdt ar 

rp€G€dl ilvdy 

iDEpectlon of faciUUea for 
Rfiejitlsta. 

Inspection of termite teats 


Study of tropical envtroa- 
meoL 

Ecolo^ of mnmmalap partleu 
Inrly prlmJite!i. 

General obBciwatloQ. 


Bkda and insects. 
UaiumalR and birds. 


Clolleeiion and preparatlao of 
material for tropical-bnbb 
tat muaeum group. 

BeptUes and B.ii]pblbiRii& 

Birds: pdbLIalied drift com- 
plete annotated list of hlrda 
of island during year« 

Bird bibnvlor; fruit crow; 
general biology, 

Pbotogmphy of tropical eti- 
rtronmeat. 

QollectLofi and preparatloo of 
mnterlal for tropical' 
hal^tat mnfeeuni gmop. 

General zoalofJ I photo- 
gmpbic record; made first 
record of 5-toed armadillo 
(CobflJtJOBi ocnfrana) on 
the Island. 

Ecology of BXLta, 


Baltliaore> Ud. 

JoIuKiii. H(tn. KoH Mfw. iJeror, Member ot CflD' 


ConaerratlOn. 


gfcsa from California. 

Kellyp Mra* Jnnea W,, president, northern dU 
TUlon, Oooper OmJtholocIcal Club, Alameda, 
CaUf. 


Birds. 
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Kerf* CluiTLotte, trniniD^, health aad eauitfttlon 
dlTisloUt InsUliite of Inbet-Amcrlcaji H^ffalrF. 
Lan^liDp Eobert hU ^tddeatp Prlncetoa Doiver- 
sityp Princeton^ W. 1, 

Ldi^o. Elstcvod, photogrnpberi Arnerlcmn Musenm 
of ^latiiml BJatflfT* 

Lon^p Sira, Koberta. Alamodnp C&lif. 
ma<lyp William E., D3El9tiuit paytnaateTp Faoatwa 
CDnal COi^ Balboa Helghtap C, Z, 

MartlOp Df. Qeot^ W^* profesMiF of tutanyp Statfi 
UalTCTsttr of IowSt iPWfl City. 

Uapateller, Dr, John B.p professor 0? forestr^'t 
Mb hlean State Oonese, MlcK 

Uielche^ Hakoo, aatbor, DAQlsh Deep Soa Bxpe- 
dltlol; (1 Kp(MS2). 

SlLtne, Dfi Lorus J.t professor of eooIo^p Uni' 
Toralty of New Hatnpshlrtp Durboiiih EL 
Milne, Dr. Mftr^ory* asalatliat professor of zoology,' 
UniTorsIty of New nainpflblne. 

MilottOp Sir. and Sira. Alfred. Wail DIsnoj Pro¬ 
ductions, Burbank, Calif. 

MorriBp Bobert C.p entomolo^st. tJ. 3, Eureiiu of 
Entomology and Plant tjnarantlne. 

Ndson, Sirs. Editbp Alameda. Cant 
PoriTBo. Wateon M.. oibUslta preparator, SmlLb- 
aonUn Institution. 

Itettenmeyer. Carl, student, Swsrtlimoro CoUofC^ 
SwartbiDOTep Pa. 

SdmeLrla, Dr T. 0.. curator, dopnrtment of anl- 
nial bobarlor, Amcriran Museum of Natural 


f¥£iicf|Ml fiihrcfl w 
wpidatiindw 

OhsertaUem of tropical en- 
rlronmeaL 

Birds, mntiimalap and motba 

Army ants^ pboiographlc 
record. 

Birda. 

Birds, mammals, and Insects. 

FuhbI. 

Eumld tropical enrlronment 

General olwerratloii. 

tlencrol Eoolog^r, esq^eclally 
Inrerteb rates. 

Inrertcbratos; photoHiaplilo 
record. 

Pbotoerapliy of tropical en^ 
rlroncnenL 

InresGgatlon of termite 
controL 

Birds. 

BirdiL 

BoMTlor of army nntit 

Bebavlur of army ants- 


Hlatory^ 

Scbnltrerp Mr, and Mra. Albert. Elteabath. N. J. 
^hulta, Mrs. MarEuerlte M.. botanJat, UnlTeiBlty 
of Kati^iaSH Lnwrenoe. Kans. 

Sopor. Dr de^olaad C, dlreeter, Tropical Re- 
seArcb Laboratory, iSastman Kodak Co., Pa- 
risina City. 

Thorrlcn. n. Miami. Flm 

Vowlea, Dr, DaTld FUlbrlglit exchange profes- 
son Tnfts College. Medford, Mbr?. 

Wntlier, Dastlnga H., M, D., I^bS Ho^ital, 
Hawaii. 

Wolden, Arihur grndunte sludent. State Uni¬ 
versity of Iowa, Jowa City* 

Wetmore, Dr. Alexantlef. Secretary* Emltbsonlan 

InadtuGon.^ 

Xoiing^ George, taxldennlat. University of Kansas. 
LawreDce, Kans. 


Birds and niainmiil-4, 

Cntleetlon and preparatlOD of 
material for troptcal-habt- 
tat maseuBi group. 

Deteriorntlon and corrosion 
tests of photographic e<inlp- 
toeuE and ouppUea; advice 
on operation of planL 

Oeoerai observation f idiotog^ 
niphy. 

Morphology of ants as rela¬ 
ted to behavior. 

Observation of tropical en- 
vtronmeDt 

FnngL 

Blrdst lospeetion of plant. 

CoUerUon and prepanitloa of 
matEjial for tropScal-htbl- 
tAt nmseutn groUp4 
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VlSrTORS 

In addition to the scientists, CDS other visitors came to the island 
during the jear. Among tlrcso wcrQ Paul A. Bianquet, chief engineer 
of the Suez C:uial; Dr* David Potter, of Clark University, Worcester, 
Hass*; Dr* and Mrs* £* H. Kennard, of Washington, D* C.; K. 
Eisentnatm and Air* Wood in, of Pittsburgh, Pa.; Dr. Frank E. Maz- 
land, Jr*, of Carlisle, Pa.; Elton E. Hooser, of the D, S, Bureau of 
Entomology and Plant Quarantine, Washington, D, C.; several Boy 
Scont troops, including tire Explorers' Post ; and several groups of 
Qirl Scouts. For these Scout groups the visits were educatioiial In 
nature. 

There were also members of tlie Lioeo of Panamd, several groups 
from LaSalle College, members of the Junior College of the Canal 
Zone, under the leadership of Prof. George E. Lee, members of the 
Servicio Geografico del Ejercito de Brasil and the 3T0th Engineer 
Amphibious Support Begiment, the Diablo Heights and Balboa High 
School Camera Clubs, members of the Institute of ltiter*.£\xnerican 
Affairs, the Inter-American Geodetic Survey, the Air Corps School, 
and officials of the Canal Zeno Government, the Panama Canal Com¬ 
pany, and the Panama Embasay. 

ADDITIONS TO THE LIST OF VERTEBRATES 

Tlie following vertebrates were added to the list published in the 
1950 report: 

IfAlfUAiJA; 

rDftfttd'afif# ifibriMUi tiath 

CaffoiNiit {l^to€d 

Eefiitja: 

Lioi}^pfilopM alhirottriB. 

Trimtfoptm batbouFi^ 

PicUdohon 

A^pht&ia; 

SplQ mtutehra, 

Ttnjse 7 species, witli the 173 giYen in the list prcTioualy published, 
and the 306 kinds of birds, make a total of 4S6 vertehr^tesj known from 
the ieland. 

DONATIO*N 5 

The resident manager donated to the library a set, complete to 
date with index volume, of the 20 volumes of Biological Abstracts, a 
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set of the Journal of Parasitology^ and a long series of complete 
bound volumes of the Experiment Station Record; also considerable 
laboratoiy glasswai'e. 

RAINFALL 

In 1951, rains of 0.01 inch or more fell on 48 days (154 hours) 
during tU© dry season (January to April), and on 194 days (764 
liouta) during the ivet season (8 montlis); a total for the year of 
242 days, 918 hours. Rainfall was 5.44 inches above the 27-year 
average. During tlie diy season the excess amounted to 7.56 inches, 
and during the wot season there was a dehciancy of 2.12 inches. Five 
of tlie eight wet-aeason months registered deficiencies, amounting to 
a total of 11.24 inches. October was tlie wettest month, with 19.43 
inches (27 days, 128 hours). March was the driest month, with 0.30 
inch (4 days, 11 hours). A new l-hour record was established on 
October 12, 4.11 inches. The previous high was 3.6S inches. 
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Tha iuxi3[imiim yearly rurnfall of record on the island was 143.42 
inches^ and tbe miiumum was 76.57 indies. For short periods the 
following wore the masimums: 5 minutes, 0.85 inch; 10 ininuteB, 1.40 
inches; 1 hour, 4.11 inches; 2 hours, 4.81 inches; 2>1 hours, 10.4S inches. 

FISCAL REPORT 

During the fiscal yeor 1952, $11,558.12 in trust funds was available. 
This sum included a balance of ^26 from 1951 and$3,000 contributed 
by the Smithsonian Institution from its private funds. Of tliis 
iitnount $11,294.09 was spent, leaving a balance of $264.03. 

The following items arc paid out of trust funds; Food, vvages, 
freight and express, office expenses, and miscellaneous expenses such 
as parts for the automobile, kitchen equipment, and general upkeep. 
This year food represented 41.S percent of die total expended, and 
wages, 53.8 jiercent. 

The Smithsonian Institution allotted $16,646.96 from Govemmeiit- 
approprjuted funds, of which $16,600.38 was expended. Of this 
amount $7,580 was for two now 15-KVA Dicsebdriveu gencrotors, and 
$4,217.78 for contracts to complete dm lower floor of die new building 
erected this year. Approximately $1,850 from allotted funds was used 
for the puiuliase and transportation from Frijoles to the island of 
gravel, sand, cement, and reinforcing steel for the completion of this 
lower floor. 
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During tho year fees from scientists totaled $3,722, more than four 
times as much as the amount received for the hscal year 1951. Yisitops’ 
fees amounted to $1,603. Heimbursements for supplies furnished 
amounted to $756.72. 

The rates for scientists and visitors have not been raised since the 
laboratory started in 192S, despite the rising costs of food, wages, ma¬ 
terials, and services; but increased costs have reached the point where 
the lateratory is now reluctantly forced to increase its rates. Tlie 
new rates now in effect are $3 per person for 1-day visitors, $4 a full 
day for scientists from institiitions that support the laboratory 
through table subscriptions, and $5 a full day for all others. A 1-daj 
visit includes the use of the launch to and from the island, the noon 
meal, and the guide in the morning, A full day for scientists in¬ 
cludes three meals and lodging. 

The following institutions continued their support to the laboratory 
through the payment of table subscriptions: 

Eastman KoOak Co ---- - - - $1,000 

New York Zoological Society-..* - - --—.- 300 

American klusenm of Natural History -—.— - 300 

SmltliSonlAU Institntloii —, - ------ 300 

It is most gratifying to again record donations from Dr. Eugene 
Eisenmann of New York and E. C. Cberbonnler of St. Louis. 

ACKNOWLEOCMENT5 

Thanks are due to the Canal Zone Government for its whole-hearted 
cooperation; to the Panama Canal Company, esjyecially Alton P. 
IVhitc, chief of the Dredging Division, and J, A. Driscoll, assistant 
chief, for their technical help, and tlie Commissnty Division for its 
eficient services; to Maj. George Herman, Chief of Police, and the 
officers under him; and to officials and employees of the Panama Bail- 
road for their able assistance. 

Respectfully submitted. 

iTAkrrs Zbtek, Rtndf ut Afattager. 

Dr. A. Wktmorv., 

Secretitry^ Smitksoman Institution* 







APPENDIX II 


Report on the Library 

Sir: I hava the honor to ^bmit the following report on the activities 
of the Sitiilhsonian Ijibrarj for tlie Sscal year ended June 30, 105^. 

Probably not sinca 18G6, when the SmithBonian £>epodt in the 
Library of Congixss was established by Act of Congress, has there 
been an event in the history of the Smithsonian Library more epoch- 
marking than the traiisfcTj after more than a hundred years, of the 
lihrariaiVs oftice from the SmithBonian Building to the Natural His¬ 
tory Building and the diatnantliog of the old office library reference 
room, in order to effect a consolidation of all major library functions 
of tlie Institution. The National lliluseuni Library, ns a separate 
branch, was merged with tlie Smithsonian Library, and its staff^ func- 
tions, and equipment were consolidated vvRli the units of the Smith- 
eonion Library. The consolidated library will hereafter be known 
as the Smithsonian Library. The position of a^istant librarian in 
charge of the National Museum Library was changed to that of chief 
of the reference and circulation section of the Smithsonian Library. 
The change became effective on November 2,1951. 

The Museum Library had long Wen the largest of the Institution^^ 
branch libraries, with the most comprehensive subject coverage in its 
baste reference collections. Us reference servicca had never been 
limited to the curatorial staff of the Museum but were given to the 
whole Institution, and interlibrary loans were Imndled by its loan 
desk. Its physical separation from the administrative offices of the 
library in the Smithsonian Building resulted in a considerable and 
increasing amount of duplication of cataloging- and other record keep¬ 
ing and of the acquisition of reference bmks. It is hoped that the 
present centralization of staff, functions, records, and materials will 
result in better and more economical library service to the whole 
Institution. 

The change in quarters affected the work of tlie acquisitions section 
aomawhat less than that of the other sectionsw It had an eiceptlonally 
busy year. Its nscords show the ttcoipt of 1J0,512 publications, most 
of which came either by mail or through tlie International Eichange 
Service from 92 different foreign countries, dominions, colonics, and 
protectorates, as well as from a11 the States of the Uni on- The library 
continuffij to owe the largest part of this wide coverage of the special 
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literature bj the scientific and curatorial staff of the Institu¬ 

tion to the cordial exchange relations omlntained with scientific and 
other cultural institutions throughout the world These relations 
are continually being extended, and there were 5S1 new exchanges 
arranged during the year, while different publications were 

received in response to 49T special requests for volumes or parts of 
serial publications needed to Jill gups in our collections. 

Acquisitions by purchase included 1^78 books and 332 subscriptions 
for foreign and domestic serial publications not obtainable by ex¬ 
change- Most of the books bou^t were recent publications, but a 
few of the many out-of-print w'orks still much needed were purchased 
as tliey cniiie into tlie njarket. It is highly desirable to be able to buy 
the most neodod of tliese old books when copies are advertised for sale, 
but many of them are prohibitively expensive for a small budget, when 
they are available at alh 

As always, friends of the Institution made many generous gifts to 
the library. Especially noteworthy among the larger donations wai 
a eolection of more than a thousand volumes from the library of the 
late Gem John J. Pershing, presented by his son, Francis W. Perehing, 
especially for the use of the division of military liistory in the National 
Mnsoum. 

The library Is deeply indebtodly to many members of the Smith¬ 
sonian stuff for their generosity and tlioughtfnlness in giving the 
library copies of thelv own publications and other books and papers. 
Stamp collectors everywhere will, directly or indiriectly, have reason 
to bo e^pocially grateful to Franklin R. Bruns, Jr-, for the more than 
1,500 publications on sLamps he has donated from his own library to 
the sectional library in tlie division of philately. Many other gifts 
to the ^tionol library were obtained tlirongh his good olhces- 

Of the grand total of 22,774 publications transferred to the Library 
of Congr^ during the year, 5,573 were books and serial publications 
individually stamped and recorded os additions to the Smithsonian 
Deposit. Others were 2,481 doctoral dissertations from Europ&aii 
univ^itifss, and 14,720 foteign and domestic documents, and many 
miscellaneous publications on subjects uot Immediatciy pertinent to 
the work of the Institution- 

Of the 3,216 publications transferred to the Ann? Medical Library, 
581 were medical dissertatioiut To other government librariea were 
sent 425 publications on subjects in their special fields of interest. 

There were one or two fairly large and a number of small with¬ 
drawals from the library huge collection of duplicates^ but the collec¬ 
tion continued to grow* Tlie 11,420 pieces selected and sent to the 
United States Book Exchange, for exchange credit, made iio noticeable 
impression on it. Tim collection needs the exdusivo tune and atten¬ 
tion of a small staff of its own, working under the direction of the 
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chief of the acquisitions section, to keep it in order and to make the best 
possible U58 of it for exchange purposes^ 

Iq the catalog section, the merging of the separate catalogs of 
the Museum books and serials with the central catalog and serial 
records of the Institution was begun immediutel}^ and Itaa gone for¬ 
ward as fast as circmnstaucea would permiL Thera is an enortnoua 
amount of work to be done in snob an enterprise where more than a 
millSon cards must bo bandied with scrupulous accuracy in uni:fying 
entities and eliminating unnoce^i-y duplication^ Tinder the most, 
favorable conditions it will take a long time to complete it, but when 
it is finished the Institution wiE have the most complete record it 
has ever had of the library's collections and, it m hoped, the most 
effective aid to their use. 

In addition to tlie w'ork of reorganization in the catalog section, 
5,779 publications were cataloged, 30,175 ports of aerial publications 
were entered, and 30^488 cards were added to catalogs and shelfUsts. 

The work of the reference and circulation section is most difieult 
to measure and evaluate statistically because figures are very imper¬ 
fect indices of the many indeterminate variables involved io reference 
^rvic^ to the staff and bringing together the books and their users. 
However, statistics slvow that 11,730 publications were borrowed for 
use outside the library, exclusive of 7,314 books and periodicals as¬ 
signed to sectional libraries for filing which are circulated within the 
divisions to which they are assigned- Interlifarary loans of 1,281 
publications were made to 09 diferent Government, university, and 
other institutional libraries threughout the country. For use within 
the Institution, the library borrowed 1,857 publications from the 
Library of Congress, many of which were Smithsonian Deposit copies, 
and 40S publications were borrowed from other libraries. 

More than 16,000 reference questions were answered in responBe 
to letters and telephone calls and to inquirers who come to the library 
in per^n. 

Funds allotted for binding permitted only 823 volumoa, mostly 
currently completed volumes of periodicals, to be prepared and sent 
to the Government Printing Office, but 1,563 old books were repaired 
in the library. The library' is in no sense a museum of fine books, 
but it nevertheless has many valuable volumes, and not a few irr^ 
placeable ones in its working reference collections tliat are actually 
collector's itenis. How to give them the proper Iiousing and tlie 
continuous care that tliey ought to have to maintain them in good 
condition is one of the library’s most serious problems. 

The principal need of tho library condnuoa to be more and better- 
arrangcd space, with adequate provision for growth. It also needs 
a staff of competent librarians commensurate in size with the rcquiPB- 
ments of tho Institution for library service. It needs more fluids for 
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books and especially for binding. Many of the physical and organ- 
izational changes inaugurated during the year wens good* considered 
as initial steps in long-range planningj but plans can only be brought 
to fruition if they are firmly and continuously supported by the means 
to carry them out. 

SUMMARIZED STATISTICS 
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Respectfully submitted. 

Lrila F* Clark, Lil^rariitn. 

Dr. A. Wetmori:, 

SMtihsontan 
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Report on'Publications 

Sm: T Iiave tho honor to submit the following report on the piibli- 
CAtions of the Smithaoman Institution and its branch^ for the year 
ended dune BO, li>&2: 

The Institution published during the yenr 10 papers in the Smith¬ 
sonian Jliscelkneoua Collections^ 1 Annual Report of the Board of 
Regents and pamphlet copies of 10 articles in the Report appendl^^ 
1 Annual Report of the Secretory, and 2 S|:>ecia1 publications^ 

The United States National Museum mued 1 Annual Report, 34 
Proceedings papers, 1 Bulletin, and 1 pnper in the series Contributions 
from the United States National Herbarium* 

The Bureau of American Ethnology issued 1 Annual Report, 4 
Bulletins, and 1 paper in tlie series Fublications of tlie Institute of 
Socinl Anthropology. 

The National Collection of Fine Arts issued 1 publication; and the 
Freer Uallery of Art published title page and table of contents of 
1 volume in the Occasional Papers seri^ 

Tlie final number of Ars Islamica (compriaing volumes XV-XVI) 
was issued in August 1051. This journal, published by the University 
of Michigan under the editorship of Dr* Richard Ettlnghausen, of the 
Freer Gallery of Art, was seen Lliroiigh the press by the editorial staff 
of the Smitlisoniati Institution. Future numbers, to he known as 
Ars Orientalist, will be publiEhed jointly under the imprint of the 
University of Michigan and tlie Smithsonian Institution. 

At the end of the year galley proof of the ninth revised edition of the 
Physical tables was beginning to come in. 

Of the publications there were distributed 141,166 copies, which 
included 32 volumes and separates of Smithsonian ContributionB to 
Knowledge, 34,0&1 volumes and ^ajjarates of Sndthsonian Miscellane¬ 
ous Collections, 25.003 volumes and separates of Smithsoniati Annual 
Reports, 2,350 War Background Studies, 2,S38 Smithsonian sp&cial 
publications, 5 reports and SliS sets of pictures of the Harriman Alaska 
Ei|)edition, 52,653 volmnes and separates of National Museum publi¬ 
cations, l7,^)^^4 publications of the Bureati of American Elhnology, 
3,541 publications of the Institute of Social Anthropology, 1440 cata¬ 
logs of the National Collection of Fine Arts. 506 volumes and pam¬ 
phlets of the Freer Galleiy of .Yrt, 13 Annals of the Astrophyaica! 
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OlJscrvatarVt rejioits of ihi? Americiin llistoncal AssocmtioRj 
and iiiisciillntieous pybUcHtions not publisJieii by the Sntitlisonian 
Lii!^tihitiDii ( mostly Survival MaiiiialsJ^ 

1j* iiddiiiun, 33.411 padure painpliletSi, 80^85 guide books, 67,591 
it]iliinil-histiiry„ Siiuth^uisiii building and ml iHKatoirJs, 30,:i:i4 s^ts 
of piioro i^itrds and [josteaixls, - 2 ^ sets Mitd jirinis of North 

Ajiit-rifiiii IVild Fluivem, and 9 volumes of Pitcher Plants w^re 

ili;4riburi.al. 

SMITHSONIAN PUBUCATIONS 

>uri HSUMIAK llllriJtLUTiF.OliS LOLLECt lOSS 

VULUMl; Jl* 

Saildusyalaii Mt^reiiry|u«leut TnMea SLirh etUtiun. CouipJl«l Robert 

j. Liiii nil,Kit* pu ( 4014 .1 |oct. iQi lUaL 

VULL'Jf E I I A 

|j||y|ikt:k-ail 1o Me^ilru, Uj Rd^ ara AIjihKitiMii rnUdiuEiEi. Wboty vol- 

oiut. zUj'h-tiU rr * *1 1 4yU.j July SJ* la51. 

YOiVHt 119 

No. a. Two nmlo stoap*, from Green In ail nnd Mliinefliito+ hy tVilliom Tb alb L tier. 

71 7 i PnbL ItTil,) Au&, SHI. HI51 h 

No. 5. 51 [dalle Cmubrlnn BErnllKra uliy «uU fniinaa of the Ca tLfldlOb Rocky Ma'WB- 
tnins, by j-tutieui -77 pj)., 34 plo.. & iPubL 4l>4a.> IS. 

No, 7. The batterdlea of Vifglufca, by Aiiatlo li. CUrk liad Leila F. Clark. 23» 
pp., 31 pK, 1 rta I Publ. Dee. 2fE llKVl. 

Title piifie Aoil mble of contentu. ( Pnbl, 406E) [Feb. 4J 1US2. 

TOtUNE Ilf 

No. 1. Norlii Amerlcmi flretRe^ of the penile ;*AolKrfjT. by Herbert Spencer Barber. 
With pretnt^e nol*^ by Frank A MLl>er3UolE 5S pP n 3 fifis, iPubL 4UbL> 
Nov* 27. 1D31. 

Ko. 2. AUdUkDal form^ of bSnlfl from Colombia and PABamip by Aie^ooder TV et- 
more. 11 pp. I PubJ. ^ SepL 25, 11I5L 
No. 3. IteUitloafililiB of certain penera of fuo^ ^n is of the faEnlly SiyectopbUU 
doe. by h\ IE Slmw and M, AL Sbaw* 23 pp.. 45 iita. (PubE 4053d I>ec. 27. 
lOSl. 

No. 4. A reviled dnaslflenilon Cor the bErda of tbe world, by Alexander W etmore. 
22 pp. (PubE 44137.) Not. 1, 1»51. 

No. S Annotated m of birda of Barro Colorado Island, Panama Can*! Zone, by 
BnS^ne KlsenmaiJli+ ffii pp- iPnbL 405Sr) leb. 7. 

No. fl. Tbe poapboptrtl Buillusks coltaete^l by the First Jobn^n^SmlthsonlaEi Deep- 
Sea expedUintt to the Puerto Rlcna Deep, by VVIlUam K. Buieraon- 14 pp., 1 
pi, (l^bl. 4C^.) Feb. ISiTiGE 

Ko. 7. tikjfll relailonsbipa of moiba of the Deprtmrt^i and Agon^pteri^, 

with deserlpUoDs of new npeeleo. by J. F. Gates Clarke. 20 pp., d pEo. (PiabL 
40S3.) Apr. 23, 1052. 

XoL R Tbe sand crab Emcriia talpoida (Say) and same of Its relatives, by R. E. 
Snodgrass. 34 pp., 11 (Fiibl. 4060^)' Apr* 10, 10u2. 
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Ni!>+ Oi Predpltatlon mcd tjunpC'lHlun; In W&&liin^to;i| D, tar 1Q91 and 13G2, 
by €. 6, Abbot fi p{).p 2 £1^ (FnbL 40d7.> Mbt. IS, Id52L 
No. la PerlodEcItres In tbe iylar-wnauint bj C, G+ Abbot. 31 pp., 

(Pi]bL40e8.) frlay 23,10^ 

No^ Iiaporutnt InterfereiiEm wltb aoriDalB In woaLbor rocordSp Bssodated Trftb 
flQDspot frcqaencyp hj C. G. Abbot 3 pp.p 1 (PnbE, 4090.) May 20p 

VOLUliE 418 

^mltbooiilan LognrLtbtqtc Tables (to baae e and base 10}* by George WeUliictoe 
SpOD^^eley, Mnirdy Spencafay, and RbiKlcv E^fietBan. Whole 

volomo. xEL+402 pl^ (Fubl. 405C> |Mar. 28] 1S52. 

AlCHUAL atfOAXS 

Hep&rl for J960.—Th^ complete volume of tbo Annual Report of the 
Board of Hegeute for LD50 was received from the printer on October 
15,1851: 

Anneal Report nf tbe Beard af R^ents ot tbe ^lejUiBonlan IneUtntfna sbowin^ 
tbe op^ratlf^nBp expendIttinE^ and condition of the Institution for the year 
ended Jiino 30, 1950. Ix+!i22 pp,p M pis.. 4T flKa (Publ. 402r».) 

The gciieml ap|>endiA contained the following papers (Pubis, 402ft^ 
4044) i 

Beyond Lbo MllAj' Way, by Tbornton Fdee. 

The Imnlncibf sutfHce and ntmusphere af the tun, by Bertll LLudblad. 

What 1 b an eka^enthTy particle? by B. icbrbdinger^ 

1^0 eompofilUon of pur imlrcTEep bj Harriaob Brown^ 

The Wright BroUififa ua aeronjujdcal angineerap by M. P, Baker. 

Cbendcml acblerenLeot and hupe far the futnre, by Llnua O. PanUna. 
Electrocnceplialogniphy, by W* Grey Walter. 

Eaerny from fossil fnelSp by M. KInf Hiibbert. 

Permafrost, by Bobert BLmek, 

EartbiQiiakeB la North America p by B, Onteaberg. 

Wolf Greek meteorite cm ter. Western Australia, by D. Guppy and E. S>. 
Mnthe^on. 

Natural htstory In Iceland, by Jnlian Huxley. 

Pray Inn manddH of tbe United States, native and Lntroducedp by Aahlay 
Onmey. 

Man''a disorder of imtnre^o dosl^ in the Great Plains, by F, W. Albertaou. 

Fbod shortages and the sea, by Dan iel llerrlmau. 

Economic usm of llcbens, by George A Idnno, 

The orl^jltt and anUnulty of the E^lmu, by Henry B. GolUna. 

Arcbeolocj and ecology on tbe Arctic slope of Alaska, by Ralph B. SoIeckL 
^mnel Seymour: Pioneer artist of the Plains and LLe Rockies, by John Frauds 
McDermott, 

JS^pori f<yr J96L —The Report of the Secretary, which will form 
part of the Annual Report of tlie Bt^ard of Regents to Congress^ was 
issued Jnnunry 1952: 

Report of Ihe Secretary of the SmltbECiniaa Inatltutien and anancial report of 
the executive conimiltee of tbe Board of Regents for tbo yearr ended June 3© 
li+ieo PP.,4 pin fPubl.idfja.J 
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fUfiUC^TiaHS 

The SmttbsoDian iBBtltutlon. SO pp^i 13 pi*. (Piibi 404@J [Aug:. 0] IftSL 
Clavilfl^ Kst of Smittionlfin pDbHaitlcin& BTaHobSe far dletilbtitloD Unf 1* 
3052, Compdled by Lester B- Comwerford. 01 pP. (Pttbl. JftW.) tllftr 
14] 1052. 

PUBUCATIONS OF THE UPfiTEO STATES NATIONAL MUSEUM 

The editorial work of the National Muiseum continued under the 
immediate direction of the editor^ John S. Gladys O- Viseli 

assistant editor^ retired on February 29^ 1953, after 35^^ yeara^ serr- 
ice in the Institution. The Museum issued during the year 1 Annual 
Report, 34 Proceedings papers, I BulletiHi and 1 paper in the series 
Contributions from the United States National Herbarimui as fol- 
Iowa: 

AKHCTAl ^EPdmT 

Heport oa tbc an^ condition of the United Stales Natlonnl Mnfeuci 

f or tbe year (unded J une 30, 195L lv+ll2 pp., 5 pla.^ I Jan. in'] 185^ 

PAOCCEPINGa 


¥&urii£ flfl 

Tltla paj§e, table of comentaH Hat of Ulnstratioiiap and Indei. Pp^ 
rebn 7p 1962. 

VOliUME lOl 


No. 02S7> New dnd^ ef PletHtoceae Jognnr alceleCoiiH, by Edward MdSriidj, H. T. 
SSrby-Smith^ and Horvey Teiinpleton. Fp. 407-611 ^ pi. 10, flEi- 97-102. Oct. 
10,1951. 

No, am An annotated cbeddlst of tbe mf^uitoea of the anbgcnno FOtiava 
(^feati* Acd^ff). hy Kennetb Ik Knlsht and EltiaboUi N. Marta Pp. 513-674. 
Feb. 12,195^ 

No+ 3239. A new inil>S|»eci« of imtHne Uopod from Teifta by Robert J* alenales. 

Fp, 67rF-579. 103 and 1(H. Ang. 3,1951. 

No. 8290, Studies of certain apoifonld dsbea frnin tbc Ipdo-Pacifie wltb 

tiona of three new spectea, hj Bmest A. Laichner. Fp. 601-010. pla 17-19. 
Dec, ISp 1951. 

ToLnua laa 


Nol 8291. CtontHboUons to the morphology and Uao tasomomy of (be Brnnrhlo- 
poda Ndtoslraca, wllh apt^lal reference to the Nortb African Bped^ by 

IV>lke Linder^ FpL 1-^. pis. 1 -^p 0^ 

No. 8292. A study of nn luterroedlato snail boat (TAtoni ^ranf/fTo) of tbe 
Oriental lung fluke (Forfl|?oBfsta«)+ by H. Tucker Abbott 71-110, pui. 
8 and U, 0ga 32-45. Feb. 20, 1962, 

Nn 3^ Some marine nsellote IsopodB from Dorihem California, with de^ 
^ijittODs flf nine new Bpeciw. bj Robert J. MeiKie*. P^. 11T-15S. fl«*. -W-Zl, 

kS?' jlSralnfitonBmt-legKe^) fll« (Dlptern : TTIld«e» In the Cbited 
NBltoMl MUBemn, by Georse 0. Sleyskal. Pp. 101-lflO. fls«. ^ 2 - 7 *. rel>. ^ 


NOv 3290 ApbofBCT^u*. a new (enns of HiiiJi beeUa (Cotcoptei*: acurabaeldae). 
bf O, I* <»rtwrirbt Pp. 181 - 184 . Har.T.lbSi 
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PreUiaiiiBTj analf^lB of the Fertebrate fossil faium of tbe Bojseu 
Koservolr srea* bj E, Wfellfc Pti. 185-20T* 75-BD, Apr. % 

lt)02. 

Ka A ben' cm^sb froio AMbamB^ with iiaL^ on Procambarua ieccmitff 

hy Bonoo H. Hobbfl, Jlf, PpL 20&-2ia 81. 82. Mar. £1. ISfiS. 

Xd. 3206- Mot ha of Lbe genera Jfti/ona Wiilbc^T and Lom^ana^ a now and cLoaelj 
related (Arctildae: Litboailnao), by Wllliain D. Field. Pp. 221-230* 

pla. 10 ond 11. Mar, 10, 

No. 3290. A Dew areclea of i.'OmiDeiiaBi ampbipod from b splay lobst^p by 
Clnrance B. gboentaker. Pp. 231-233, flg. 63. Mar. 27, 1952, 

NDr 3300. A new i^enos of Cantral Atnerlcab miUlped (family EuryoildDe^, 
with notea on lha AmarLean j?ontrfl, by Hicbard !». Bottmam Pp. ^0-246, 
fl(r.6A Apr 24 1052. 

No* 3301. An emended diagnosis of the copepod Beoiia PtipuNnct {CnUjfolda), 
with deserititLoEkS of new spedea and a redeacrtpElon of the genoljtw, by MUdred 
Stmt Ion Wilson. Fp. 245-203, pis. 12-15. Mar 19, PB2, 

No. 3302, Echlijodeima from the Atar$hnll islands* by Austin H. Clark. Pp. 
203^^. .Mar. 27, 1D52. 

No. B303. A new ypeclea of Icseet of the order Prntuntr by Ornce Glimea, Pp* 
805^14, Dks. 35 and SO. Apr. 25, im. 

Nor 3304. New Amertcan cynlpld wasiis from galls, by Ijewto H. Wei A Pp, 31H- 
342* pis. 10 and 17. Apr. 24, 1952. 

No* 3305^ Notoa on tnamccyils from the NUe Delta re^on of Egypt, by Henry W. 
Setzer* Pp, Apr. 2* 1952, 

No. 330T. SvhhoMtclla, a n^w genua of brlttlc^itar (GargoDocephalldae), by 
Austin H. Clark, Pp, 451^54. pi. 40. aiar, 39, lOT^ 

No, 3303- Morbfl of the genus f p^frotnutoan, a now genua of Lepfdopiera, by 
William fx FlelA Pp. 4!jrWS9, pis. 41-^ti. Apr 25h 1952. 

No. 3309. A Terlow of tbo stink hugs of the genua Jfedden^ by K. L Saber, Pp. 

471^4505, pla, 47 and 48, Ogs, 63 flhd S9, Jun^ £7. 1952. 

No. 33101. Be view of tbt fishes of the blemiloid genua £cf«iiiir w^ith descriptions 
of five new' spec to, by Wubort M. Ctopmaii and lioonard P. Schultr Pp. 507- 
528, flgA 9(M)A Apr. H 1952. 

RULUCTtHS 

201. The ^sldneea of the TJalted States National Moseum, bj Walter M. Toiter- 
aaii i-a + 1“£S12, los tigs. Oct. 4* 1951. 

CaKTmiSUTEOTfS FltOli TBE UHCrtO STAtta ?tATIONAL UEmBAHIUli 
TOLUUE ID 

Part 4* Srudto of Pacific Izlaiid pianta, X. The Mellmi^eae of FiJh Slamoi^ and 
ToDgn, by A. C^ -Smith. Fp. i-lii 4^ 4a9'5£2. Aiay A 1952. 

PUBUCATIONS OF THE BUREAU OF AMEEJCAN ETHNOLOGY 

M* Helen Palmer^ editor of tlie Biireaii since 193D, redretl on March 
SI, 1952, after niMirly 34 jears' service in the Institution. During the 
year the Bureau is^ed 1 Annual Report, 4 Bulletins, and 1 paper in 
the series Publicjttions of the Institute of Social Anthropology^ as 
follows: 
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lEPOaT 

SLrty-el£tith Annnal Report of the Riu^au of Amerlcao EUmologr, 1050-51, U 
-f40pp. [Feb. £01 1052. 

Bl^UXTLNS 

140. Chippewa child life nnd ita caltatal hRCkEround* by Slater JL Inei Silver, 
xl7 + £1>4 pp,, 31 pla. 1 Dec. ai, 105L 
147. jQQrSPl of mn eapediilon to the SIiiuralRM Teirea and the Upper Mlftsonrl 
In iSSOp by Thaddeiia W* Culbertaon. Edited hy John Fmticta McDerinotL 
VJlI+iei pp.p 2 mapa. Apr. 2&, 1052, 

14a Arapnbo child life Ohd ItB coltiarRi background, by Slater M. Inca BEset. 
4-253 pp p 40 plRp 1 (hs. June 2^ 1052. 

140. SympoaluM on locnl dlrersify in Irwinola culture. Edited by WllUatn N. 
FenLoo. t^-lST ppL. 21 Dec. IT, 1&51. 

FlTBLlCATIOKS OF THR BfSTmrra or SOCIAL AfTTiraOPOLDCT 

No, 14. The Ibdlnn caateof PcrUp I7t)©-1P4Q: A populutloa aitidy bci«d upon tax 
records and census reportiii hy George Kuhler. Ti-|-71 pp-t 2 pla,, 1 ftg.* 
20 maps, inne la 1052- 

PUBUCATIONS OF THE NATIONAL COLLECTION OF HNE ARTS 

The opening of the Adams-Ctenaent Collection, £3 pp., 7 pin- (Pobl. 4055.> 
November 11^1, 

PUBLICATIONS OF THE FREER GALLERY OF ART 

OCCASIIXX^L PAPERS 
VOLUKt I 

Title page attd table of contenta. 3 pp, ^FnhL 4040.) iJnly 23] lIM^l, 

report of the AMERICAN HISTORICAL ASSOCIATION 

The finnunl reports of the American Historicn] Associntion are 
transmitted by tlie Associntion to the Secretary of the Smithsonian 
Institution and are by him communicated to Conj^ress, as provided 
by the act of incori>oration of the Association* The following report 
volume was issued this year: 

Aentiat Hcpt>trt ef the American EUstlerlcel ASGoclRtlonp 1050. V&L 1, FrocecdSn^ 
[OcL 24] 

REPORT or THE NATIONAL SOOETY. DAUGHTERS OF THE 
AMERICAN REVOLUTION 

The manuscript of the Fifty-fourth Annual Report of tlie National 
Society, Daughters of the America n Revolution, was transmitted to 
Congress, in accordance with law, on February 11, 1952. 
sseasa^s—-is 
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APPROPEUTION FOR PRINTING AND BINDINC 

Tbfi yeAr*ls printing and binding allotmedt from congressional ap* 
proprialion was entirely obligated at the close of the year^ The allot¬ 
ment for the coming fiscal year ending Jnne 30,1953, totals $92^29, 
djyided as follows \ 

G^ueraL annnuJ&tfitloe {AbduoI Beimrt of tee Beatd of wLdi 

Appendix \ AnnDftl Report of tbe BecretBir) ----- Wl, 000 

NAtional Muiiemn- --- — --—- 34,045 

Eareaa of Amcrtcaa E£hnolo®j^^ -—---- — 12^000 

Afcffrnphytdgnl ObeeTTatOrj — ^ — -- —— 5,000 

NatioDBl Air lltifleaiQ-,- -- --EOO 

Service diTldoas (Aontial neport of tlie Amerlcim Hiatorlcal Aesocla- 
tlem J blaide forma j bincUns ; jHiot ibop) _ - --- 5E2,8T5 

Data] _ _ _ ____ 00,320 

BeBpectfultj submitted. 

Paul H* O^ensaB, 

Chiefs Editorial DindMoiu 

Dr, A. WimiORB, 

Secretary f Smithsonian InsHtutiofu 






Beport of the Execntiye Committee of the Board of 
Begeuts of the Smithgonian Institutiou 

Far the Year Faded Jima 30^ 195(2 

To ths Board of Reffenis of the SrFdthsoman Inistitutioni 

Your executi^o conunlttee respectfully submits tbe following report 
in relation to the funds of the Smitlisonian Institution, together with 
u statement of the appropriations by Congress for ilie Qovemment 
biireauE in the administrative charge of the Institution. 

SMITHSONIAN ENDOWMENT FUND 

The original bequest of James Smithson was £101:,900 8s. 6d.— 
$508,318.46. Bef nnds of money expended in prosecution of the claim, 
freights, insureiice, and other incid^tal expenses, together with pay¬ 
ment into the fund of the sum of £5,016, which had been witliheld 
during the lifetime of Madame de la Batut, brought the fund to the 
amount of $550,000. 

Since the original bequest, the Institution bus received gifts from 
various sources, the income from which may be u^ed for the general 
w'ork of the Institution. These, including the original bequest, plus 
savings, are listed below, together with the income for the pre^nt 
year. 

ENOOWMlSi'T 

(iDccm^ for tlie DDrHtricted use of tlie Lnstitutloii; 
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The Institution holds rtlso a number of endowment "ifts^ the im 
come of each bcinj^ restricted to specific use* These^ plus accretions 
to datCj fire listed below, together with incoiue for the present year. 


Ini'ostjauEnI 

tneanv Tim- 
rnE Inr 

tiid i^.m ; 


iiwa.A2 

3:1016 

s^m+i 

Sa.33C. II 

imoo 

i.3flAsa 

1.051.W 

Il5f .fil 


3:010. :i 

lAl&tkl 
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M.-lteLTD 
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WiLUiitq U, ElwI, hjr luf'-wticitiai* La blak*cv---^ —--- 

ArthLu, X[U 3 ]«s> hviid Car La^'cstiiceilkhAl #tiUy of ma <rn ii iil 

SkLuk- oel amc:. ......... 

a^Con. Virpttitt TnpHy, landp |j*vclkiB KtwIunliJp l4> lavesUffflt^ 
Enunii of euunErki aEbcr than Ui4 1 iii 4 rr 4 

^Sihidr B-. ftiAiJ, for crntlikir a rariDfiiriiLl to ^m^lvy Ualrd:_ h^__^ 

PftrTHry, Mite Tl’kt. wra^UuitEt. fw Ci&OrrtSH^cl puJutifitii apd fmltU 
ui[] lor iKaunffET^Dl' nir Atmi^n «rll»tki 

ETfLf^Eow ^ Pi^effSck O., liLii€li, for I’UJ f haie pf ULlnialf Ir*! Park, 

Calirirld Calhviian OfEid; fw Ijicrc-aMr atiij rar« al Ebr CttftHrkf rolhrtioiti 

oE ni Inriallf__ ^ ._ ^... 

Tbumai Ennd, for inajnErDontx of Lbv Co^-y ooEkriloo *p 4 
tirwtu^Uon ol rcpritrluH rrlaUniE to CDtfo-|itm....... .........^..-...-^- 

ChunlhtirlMJD, Fraorii 'Ln^ lund, for Idetuio and promotLfm ot taa^ Lm 

CE^So^Uon iji j^em mA . . . . . . . . . 

nykri, ChArloAp ho^umt fnnd, for snpport In ElnoircEiLl icHarcli. _ 

EJokomry^Fp Fkvrora Bro^oort. fund, for prMorriUon anit ^ttiibLEhKQ of 
Iht pboTopirapak euliltMCin qI Sludcliib Eickrnicyrr, Jr.. 

Ulllyrr, VLrrll. firnd^ fo' Jmn&o and rare oE Vkrfil EUUyi'r ooHr^tbn. 4f 

llrhUitf obJjrt:U__._.___ .... . ... .. . . 

B HeliDE^ck. ALh;ft £-, Ulir^ fub^J, fiir tAri’of Eb« Rkobopet Axroatdof^^ 

«| _ ___ __ 

Bodiklni kind, iptdllc, for iamtm and iliiruebm of nhira ciBet knovl^ 

odst la I'Tfftfd to aaEuTF ord l^roportles ol atmoir'hflde alf . . . 

UfdlC^hm A Maud Alula, fund, to furthfjr ftarWTfeci Ln iihyrical aaElini- 

palDjEIoad publicaUon in tabbr^tluit EbcHr=’Jth...__ 

Bnatacf, finW, fund, tu foLmd Rnitioi alPorfl .. ... 

Look- AnurUtr nnd SdlEb 0 .,|und. for ItpkfrD nnd pnL>orTmtlan ml' Lojif 

enllrcUau DforahrtLdrrlf*, Ure^r Hid __ 

MaivelE, Afory Pmd, hr nvre and olhlbltlo^ of Manirr]] br^lkctlm] _ _ 
Myrr. Cattwfflinr Wal.i-nn, fujfd,. fc.r truictiimi Of ftrotHclan: inirkA oj Jirt. 

hr uMaoJ benelLt of th^ CoEkrlior a# Fliia ArU . . 

NdjWh Fraiik B ., Eard, for lae In Kmamlon irlTb Uw tolkrthm of dnih 
ptirtd In iba U. S. NalUmof bl ityoubi tbniukb tho tnlcffeal t 4 Atr. and 

Mra. Ncyw,„„,_ . ... 

Ptit, ComrJla tlTJueiton* fund, JUf inalntHunOo of Alfred Duane Fotl 

raUmlen... . 

Pwpp, Liiej T. and W.^ ruiid+ for |et*nd tuc of Uio Injtlltitlfiii 

wbea [trtnrilt^ amaunli to jTBO.pm... . 

Raflihcua, Rkbard, inriDorbl Ei-ltid, for m ardl-rlalao of U- S. NatkiRflJ 

AlowErai eouEaliLULr . . 

Reid, AddlMU T„ Fund, hr fbnndbf dHalr In U0I017, la EoemnfT 4 f 
Aa hft r TanH’. - 

Rdrli^lnt Colkctbni fimd+ (dr mra. JinproTomeat^ and tnauH of Rof^ 

bUnR ooltHllaa of itiinrmla...... .. .. .. 

RoUlm, hllrlflin aUd WkfUana, IeediI^ hr Ih^^tiaEkmj In pbjTika and 

Ctkinljlry......, „, „ __ _ 

StalEhaoiitan rmployHa' rrtlroiawfit land,, . .. _...... 

SprkMEOr, FTTinlf, f mmJ. hr qir flnd laermi* of tt» tfsSKtion and 

HlpTlrT— -.-_X—-rx..^r......_.............. 

I^tronr, I ukn bequeat fund, for tM-Judf of Ui« Natkmaf ColhcUoa al 

Flnr Atla, .. , ... . __._. _ _ 

Waloott ChorlH p. and Mary Vatti, mardi Hmd, fcr deTthpafniit of 
ieohclriiE uid paJeoDlol^ail itadlii and f>Ul>]l£hlriRno^ilJL» iberKL... 

WaJtMtp Mair Vma, Eond fot pubFlmtlntu In botuy _ __ 

YoiinRiiFi JltWi WnlooEli fund, bold In triut, . .. 

Franraa BflnckM, fiaad, tor endewewtitaf agtHida^^.. 

Total...... 
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FREER GALLERY OF ART FUND 

Early in 1306^ by deed of giftj CItarles L. Freer^ of Detroit, gave 
to tlie Institution his collection of Chinese and other Oriental objects 
of art, aa well aa paintings, etchings, and other works of art by 
Whistler, Thayer, Dewing, and other artists. Later ho also gave 
funds for construction of a huildinig to house Uie collection, and 
finally in lus will, probated NoTembcr 6, 1919, he provided stock 
and securities to the estimated value of $1,953,531,42, as an endowment 
fund for tlie operation of the Gallery* 

Tlie abova fund of Mr. Freer was almost entirely represented by 
S0,4fi5 sliates of stock in Porkss Davi^ ^ Co. As this stock advanced 
in value, much of it was sold and the pi'oceeds reinvested so that tlie 
fund now oniounts to $6,752,796.55 in ^ected securities. 

SUMMARY OF ENDOWlirENTS 


Inve^W {^ndcwinent for genenkl purposes- --- SIh 753| IGC. 34 

loveated fludowment for speetfie purpoacs other thac Fi^r 
endowment.--. - - ---- -- 1, 614, 750. 21 


Tctel tnveirtcd otidowment other than Freer endowmeat.^ 3^ 367^ 016^ 55 
Freer endowment for speclfio purposes.-^—--—5, 752^ 760. 55 


Total in^'ested endowment for all ptirpo«a-.-,-^-------- 16 , 120 , 713 ^ 10 


CLASSmCATION OF INVESTMENTS 


Depc«fted In the U. S. Treaaury at 6 pereent per annme, as 
authoriEed in the U- S. Revhfed Statuiest fieo- £1^0€O, DOO, 00 

Investments other than Freer cndowinciit {cost 
or rnart:et value at dato acquired): 

Bonds.—£577. 76a 74 

St€ckH_-.— —_—-- 1.556,862 35 

Heal estate and first-mortB&go notes.-- - 13, 610, 03 

Uninvested capitftl _ _ — — -— 100+ OS0 63 

--- 2,367,0l(L55 


Total invEstmenta other than Freer endowment. - . -- 3* 367, 016 55 

in vestmen ta of Freer endow’^inE nt (cost or market 
value at date acquired): 

Bonds —_ - __ S3,6S2,SS€.fl3 

Stocks----,— ..-. 3,070.006.40 


Ucuj]vested capital. 


20A47 


6. 752. 70a 55 


Total Investmcula-- 


10,120.712 10 
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CASH BALANCES, KECEinrS, AND DISBURSEMENTS BUHING 

fiscal yeah 


Cuh boinnoti on hAnd Jiinq SO^. ^S0, 209. 02 

RocDiptfip other thAn Freer cndowmeat: 

Income from - —£lS2p030iBl 

RojAlUea on sale of xiublicationa..,,.^-- 11,1S3. 4& 

Glft» Aod ccTitzibntlOTU___ —137p9S8,19 

8AJ« of public&tlooa...-- 39^ 0S2. 13 

Mip ^nun wiiui_ ISp 6S3. 73 

Proceeds from rcAl-eat&te bolditiga-.^-- 1*458^ 44 

Proceeds from other stocks and bond^ (bet)» - 600, 71 

PavioU withholdings and zefimds of ad'^'aiticee 
(net).. Umii 


Total receipts other thaji Freer endowment_ _ 45tp 603, 74 

Receipts from Freer endowments 

Interest and dividends. ______ $299^ 451. 42 


Total receipts from Feor eadowmeat.^^_____ 209, 45L 43 


TbtsI_ ___ 1, 2S7. 264.18 


Duburtemeniii otlier th^n Freer endowment: 

AdniiniMrAUoiu_.-,,w__w __ S7i, 48Z OS 

_ 54^362. 43 

Ubrary,___„ ______ 615^78 

CiuiitodUm fees and servieitig securities .. 2,141,93 

MisceJInoeous.-.. _ _ ______ 4,611. 95 

Rewarches-,^_ ___ 113*942168 

S. I. RelijemenL System-,_ __ 3,284 76 

U# 8^ Government and otlier contracts (n€d]i^^ 4p 925. 34 

E^iroba^ and ealc of socurltles (net) _ — 122p 054 29 


Total dlebrnsen^ents other than Freer endowmetit^_ 235^ 921. 22 

DisburBementa from Freer endoimient: 

Salaries- .. . £106,307. 29 

Purcluues for coOeetiDns__153,457. 19 

Custodian fees and serrlcing reoiritJca- __ lOp 962* 54 

MisceUancous---,,__22p 493^ 26 

Purchase and fsale of (scniritlea (net) ___ __ 97p 058.88 


Total dlebureementa from Freer endowment. __ __ 390* 279.15 


Total disbureementB--.^_ _ _ ___ 776*200.39 

Cash balance Juno 30* I952„,, ______ 611, 062. 79 


Total-_,„-_ ---, L 287*264.18 


I Tbl» ililtEml dCf* not Ifidudjo Oommnimt ippnprl&tLaBi nndmi tn« tdmlnUzHdTe eh&rf* ot ih* 
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ASSETS 


Cnah: 

United States Treasury carreot 


OCCOUDt- $2fl9, 37&. 74 

In bonks and on hand. .. ^ 


MI, 06a 79 

Lesa uninvested endowment funds— 109^ SS7. 00 


Travel and other advanccu. . 

Cash invested (U. S* Treasuiy notes) 


$.101,176.79 
15. 724.39 
600. 77a 01 

----$1,017,679.19 


Inveetmenta^^t book value: 

Endowment funds: 

Freer Gallery of Art: 

Stocks and bonds.. $6. 762, 590. OS 
Uninvested capital. 206. 47 


Investments at book value othor 
than Freer; 

Stocks and bonds. ___ 

Eeal-estato and mortgage 

notea.-.. __ —--—- 

Uninvated capital — 
Special deposit In U* S. 
Treasury at 6 percent In¬ 
terest-. _...__ 


S2, 244, 625i 99 

13, eiO. 03 
109 , 63a 33 


i,ooo,ooaoo 


(V 7S2; 70a fifi 


6,367,916 55 

-— lOp 130> 713L 10 


11, 13&P 392. 29 


UNEXPENDED rtJNDS AND IXDOWtfENTS 


Unexpended funds: 

Income from Freer Gallery of Art endowment--- 


Income from other andowraentB: 

Restiicled- -- 

General __—--— 


$237,044 DS 
111,496 34 


Gifts and grantn. 


1421, 279. 02 


343, 534 92 
247, 865. 25 


Endowment funds: 

Freer GaHerr <»f Art- 
Other: 

Restricted-^ - 

General.,*-^- 


Ip 017, 079. 19 

$6,752,796 fiS 


£1, G14, 750. 21 
1,753, 166 34 

-- 3,367,916 55 

____ 10, 120, 716 10 


11, 138,392. 29 
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The practice of niitintaimng savings accounts in several of the Wash¬ 
ington banks and trust companies has been continued during the past 
year, and interest on these deposits amounted to 5822.31. 

In many instances, deposits are made in banks for convenience in 
collection of checks, and later such funds are withdra wn and deposited 
in the United States Treasury. Disbursement of funds is made by 
check signed by the Secretary of the Institution and drawn on the 
United States Treasury. 

The foregoing report relates only to tlie private funds of the Institu¬ 
tion. 

The Institution gratefully acknowledges gifts from the following; 

I^ura D. AddJiionol funds for the AKlce Plb& Barney collection of 

jmlntln^ Eicid jmsteLe, etc. 

Laurn Welsh Caisej E^laten for ndditton to the Thomits Ltncala Cftsej fond. 
Charles Dykes ICstato, for use tn ELcanclHl researclj. 

Joint Cuuunlttee ou Iftverlebraie PnlountoLD|i£j» through Hajtaond Moore, 
for IllUHimticins fund for Foriunlntfera. 

E. IL PeDimorc Jobitsoiit iiddltional funda for t^iSGarches Jo underwater photog- 
rapliy, 

E. A. LSokt Link Arlatlon Corporatloti# fot fleltl cxponBCB In htatoTlcal re^amh 
i biATi oe archeology I ■ 

FrEink Ik Noyrs E^Eote, for u&e In eonueetlon with the coUection of dolls placed 
In til# U. S. NueLoduE Mnseuio thrOu¥:h Hi# Jutemt of Mr, end Mrs. Koyefk 
Wruner-Ctron FoumJatlouH for Gnihoo] pcibUoatloa fund. 

Wenoer-QroD FouadotiDn, ft»r wcirkfia the archonloj^y of Moxlco. 

Tl>Eiiier-GreD Fob iiiIr Lion, for antliropoloklcal r#scar#Ib 

The folio wring appropriations were made by Coogresa for the Got- 
emnieiit bureaus under the administmtiTe charge of the Smithaonian 
Institution for the fiscal year 1952; 

Salaries and eijienses-,*^__— -—— ^ 000^ 00 

NatEuDiEl SkKnlojfEcal pnrk____SOO. 00 

In addition, funds were traiisfeiTcd from otlier departmenta of the 
Gorernn^ent for expenditure under the direction of the SmithsoDian 
Institution as follows: 

l□tematlo^al InfortnaHon and EtlurollonaT ActJvSries ttransferred 

to th# SniLtEiBODlDii institution from the SEnt# I>ciwirCmeiit>- 142,000.00 

Wbrkibp: Fimd (traas^femd to the Srtiith-fonlaa InsUtuHon bj the 

Ic^tEtbte of lb I er-American AITuJra)-----^ 4^^705.00 

Working Fundi, tmnfiferred froin tli# Nutfonaj Park Sen'Ice, In^ 
lerliEf Depart mcEiL, for arcbcolo^tEcaJ InTCvtlnatlons In rlTcr 
basinB thfouehont Ui# Uultetl ----- l&T, S03.00 

The Institution also administers a trust fund for partial support of 
the Cana) Zone Biological Area, located on Barro Colorado Island in 
tlie Canal Zone. 










OF THE EXECTTTrVE COMMnTEE 


175 


The report of the audit of the Smithsonian private funds follows: 

WiflHUtiiTvr, D. sep^ftnftcr IBSS 

T& Tin; Baud or 

S^nWBa^lATt lyfillTUTlONp 

B. €.i 

We bave oxdmine<] the nc^unts of Ihm SmLtbsonEiD Iiiatltutlon reUtIve to ^ts. 
prlrute endowment funds and Kifta Ibot excludini^ tbe National GaUery of Art 
and other deftartmeDti^ huroaoa or operatlona ndmlniatered by the InstftuUon 
under Federal upproprlatlona) for the year ended June 30^ IBSS. Our esatnlna^ 
don was made in accordance wltli ^nemUy aecutited nud^Un^ BtandardSp mud 
accordtngly included such teota of the accountln!^ records and Eoeb other audit¬ 
ing procedures as we cLPOslilered necessary in (he drcmnatancea. 

The Xnatitndon maintains Its aecoutita Oh a cueb haata aud docs not neerde 
Income and eJCftensea^ Land^ bnlMlngSp fumtture, ecinlpmeiit, works of art> llTing 
and other fipecimcoa and certain sundry property arc not Included In the accounts 
of the Institution. 

in our opLnlont the accompanying dnanclal statements presout fairly the posl^ 
don of the private funds and the canh and luve^lmcais thereof of the Idmtrhsonhin 
InsdiudoD nt June SO. 1^2 (cxclndlng the National Gallery of Art and olher 
departmohtB, bureaus or oporatLons administered by the Institution under Federal 
□ pproprladons} p and the cash receipts and dkbursetaents for the year then ended, 
]p conformity with generally accepted accodutliig prtnctples applied on a hauls 
consLetent witli that of the preceding year. 

PnxT, Uaswick, MrrcHXu. A. Co. 

Baapectfully submitted. 

KOlltRihT V. FhEMT^’^Oj 

V AN N EV A R Bush I 

Clakence Cannon^ 

Executive C&mvntt^en 
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^IDVERTISEJEENT 

The object of the Gekehai* Appentjix to the Annual Report of the 
Smithsonian Institution is to furnish brief accounts of scientific dis¬ 
covery in particular directions j reports of investigations made by 
staff members and collaborators of the Institution; and memoirs of a 
general character or on special topics that are of interest or value to 
tlie numerouscorresiwndents of the Institution. 

It has been a promiaent object of the Board of Regents of the 
Smitlisonian Institution from a very early date to enrich the annual 
report required of them by law with memoirs iUuatxating tlie more 
remarkable and important developments in physical and biological 
discsovery^ as well as showing the general character of tlie operations 
of the Institution; and, during the greater part of its history, tliis 
purpose has been carried out largely by the publication of such papers 
as would possess an interest to all attracted by scientihe progre^ 

In 1880, induced in part by the discontinuance of an annual sum¬ 
mary of progreis wliich for 50 years previously had been issued hy 
well-knowTi private publishing firms, the Secretary had a series of 
abstracts prepared by competent collaboratorsj showing concisely tJio 
prominent features of recent scientiric progress in astronomy, geology^ 
meteorology, physics, chemistry, mineralogy, botany, zoolo^, and 
anthropology. This latter plan was continued, though not altogetlier 
satisfactorily, down to and including the year 1SB8. 

In the report of 1889, a return was made to the earlier method of 
presenting a miscellaneous selection of papers (some of them original) 
embracing a considerable range of scientific investigation and discus¬ 
sion* This method has been continued in the present report for 1952, 

Reprints of the various papera in the General Appendix may be obtained, 
as tong m the supply lasts, on request addressed to the Division of Puhlica- 
tionst Smithsonian InstituLion, Washington 25, D. G 

ITS 


Radio Astronomy' 


By }, A. Ratcliffe 
Cattttdkh Labof^arr^ Cambridge, En^iond 


Ojje knowled^ of i^roiiomical bodies is nlmost entirely derived 
from ohservations of tbe electromagnetic waves which they emit. The 
earth’s atmosphere forms a very complete absorbing blanket for most 
of these radiations; but tliere are two *^windows" in the atmosphero, 
one in the region of optical wavelengths and one in the region of 
short radio wavelengths^ Hadio astronomy deals with the study of 
tliosa radiations which reach the earth from outer space and are 
transmitted through the radiofrequency ^window” to the surface 
of the earth. 

If the radiation is received on a tuned radio receiver, it is found 
that it fluctitates rapidly in on irregular manner^ and if the resulting 
signal is listened to with telephones it sounds like a rushing noise. 
The reception and amplification of went irregular noise in a radio 
receiver present a difficult problem, because the resistances and valves 
in the amplifier themselves produce similQ.r random noise. The sepa¬ 
ration of the received noise from the amplifier noise hi usually achieved 
by switching the amplifier rapidly back and forth between the aerial 
and a controlletl source of radio noise. If the noise produced by 
the controlled source is not tlie same as that produced in the aerial, 
there will be a fluctuating component in the output. This may bo 
recorded, and it provides a measure of the noise received by tbe 
aerial. 

Once it has been established that radiofroqnency waves are incident 
on the earth from outside, it is, of course, desirable to use some kind 
of “radio telescope” to find their direction of arrival. The simplest 
type of radio telescope consists of a concave mirror with a receiving 
aerial at its focus and is similar to an optical reflecting telescope. 
Tlie accuracy with which the direction of arrival of waves can he 
iletermined with any apparatus of this kind is, however, limited by 
the ratio between the width of the mirror and the wavelength of the 

^SotwtiJKM A FfldAF F-¥#Alnit nifcvunftp a I lb« InstitnUDD (OnAt UrltAlDj 

OU N^TAmbfiT 1 !Sk lOSl. RfprLntnl tvj from NAturv, rot. 1^. Mftrcb 
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waves used. The wavelength of radio waves is so much greater than 
that of light waves that it would require an aenal 150 miles wide to 
give the same angular accuracy as an optical telescope with a lens 
1 inch wide. It is obvious that, with radio telescopes, we cannot hope 
to approach the accuracies which are possible with waves of light; 
but in an attempt to get the best po^ible accuracy large mirrors 
have been constructed. One of the largest, used by the workers at 
Manchester, has an aperture of about 220 feet and is used on a wave* 
length of 1.9 m. It is interesting to notice that, if our eyes wuld 
observe angles with only the same limited accuracy as die mirror, 
the sun would not appear as a clear disk in the sky, but it would 
look like a diffuse blur about twice its present size. AH the stars in 
the sky would appear this same size, so that wo should simply see 
a general diffuse radiation corresponding to the overlapping of ell 
their blurred images. Where there was e particularly bright star 
there would appear to be a diffuse bright patch of this same size. 



Ficvbz 1.—RjEceptitrUy diiyram of wrial tTrir* uied in ri^io utroctoenr. From Proc. 

Sac.p Ap Ytil. 193, 19fS. 

Largo mirrors are costly and difficult to construct accurately, and 
there is a physical limitation to their size. It has long been appreci' 
ated in optical astronomy that in principle it is not necessary to use 
the whole of the mirror to achieve the full angular accuracy and that 
only the portions at the edge are required. This principle has been 
applied in the following way in radio astronomy. Two aerial arrays 
are used, separated by as great a distance as possible in the east-west 
direction. The two arrays are connected to a single receiver at the 
midpoint, and the combination then has different receiving powers 
in different directions. The receptivity diagram has the form repre¬ 
sented in figure 1, in which maxima alternate with tniuima. When 
the earth rotates, the recepdon pattern is carried around with it, so 
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that an astronomical sourc© of radiation which subtends a Yery snail 
angle would be received with periodically mcreaaing and decreasing 
intensity. If the source subtends an angle comparable with the angle 
between two maaima, then it will always overlap one or other of them 
and the response will not vary tnncL If there is a sraall concentrated 
source^ super^iosed on a general background of diffuse radiation^ it 
will produce an oscillating trace, whereas the diffuse radiation will 
produce a steady trace. Figure 2 shows the type of record obtained 
in practice. It indicates the prince of a general background of 
diffuse radiation the intensity of which varies with time as the dif¬ 
ferent parts of the sky come under observation, with two strong 
isolated sources wliich produce the two oscillating traces at times 
when the receptivity diagram is swept post them by the movement 
of the earth. 


jlL. 

I ,_I_1-- 

-iA-iw «« "■ 

U.T. 

Figom 3.—Rwwd of two iialitcd HuKt» of ruEttitai igiinn t bael£ftou.nd of difloi* 
rkdi^Lion. From Hjrlri Report! o^ Ptmattu in Fbr»ic»j Ttil. IJ, i950. 

We now turn to examine some of the results which have been 
nhtainpH by the observation of astronomical sourcaa. Keoorda of 
tlie type shown in figure 2 have indicated the existence of a large 
number of discrete sources of radiation distributed throughout the sky 
and have enabled thoir positions to bo fixed within the angular 
accuracy appropriate to the apparatus used. 

The ^screte sources of radiation which have been detected in this 
way have been called radio stars. Their intensities cover a wide 
range and the strongest are so intense that at a wavelen^ of 5 m. 
two are stronger than the sun. It is interesting to inquire whether 
the radio stare are, in fact, also visible stars, but in asking this question 
wo must remember that, on account of the limited angular accura^ 
of the radio telescopes, it is not possible to locate the radio stars as 
accurately as the visible one, Witbin the limits of minute of 
arc, to which any radio star can be located, there are always a large 
number of viable stars. It seems dear, however, tliat the most intense 
radio stars do not coincide with the most inte^ visible stars, and 
no visible star of magnitude greater than 12 lies in the region escribed 
to any one of the four strongest radio stars. It appears that the in¬ 
tensity of radio stare is not related simply to the intensi^ of the 
light which they emit 
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In addition to the radio stars, there is also a general bachgt'ound of 
radiation which cannot be resolved into discrete sources. The distri-* 
bution of intensity in tliis unresolTod background is found to foUow 
crlosety tlie contours of the galaxy as determined from star mapa 
It appears that the dishlike assembly of risible stars which forms our 
galaxy has associated with it sou roes of radio radiation which are 
also distributed throughout this disk, so that we receiye most radiations 
from its plane, just as we see tlie hlilky Way as a concentration of 
stars in this plane. 

The question now arises whether the galactic radiation is, in fact, 
smoothly distributed over the galaxy or whether it is the sum of 
radiations from innumerable radio stars which have not yet been 
resolved. The fact that the discrete sources so far discovered are 
distributed roughly evenly in all directions is not signiheant, because 
it is most likely that they represent the strongest, and therefore the 
nearest,sources and they may all be nearer than tiie shortest dimension 
of the galaxy. It has so far proved impossible to measure the parallax 
of any radio star, because of the small resolving power of the tele¬ 
scopes; the most that can be said is that they are fartlier away than 
l/SO parsec, which is considerably less than the smallest galactic di¬ 
mension. The present evidence appears to be neither for nor against, 
the supposition tlml all the galactic radiation comes from discrete 
radio stars which are at present unresolved. 

The fact that the radiation comes from tlie galactic plane, and 
hence probably from sources throughout the galaxy, suggests that 
our galaxy is probably also radiating outward into space. If this 
wore 90 , wo might expect other galaxies to send some measurable 
radiation to U9. It has, in fact, been found that lour very distartt 
galaxies, presumably similar to our own, fall within the somewhat 
inaccurate directions found for four of tlie radio stars. 

We now turn to consider the radio radiation received from the sun. 
It is found that when the sun is not appreciably disturbed by the 
presence of sunspots, tlie intensity varies with the wavelength of the 
radiation. Tins fact has an important theoretical signiJicance which 
will be discussed later. The distribution of emission across tlie 
quiet solar disk has also been determined on several wavelengths, 
and it is found that tlie “radio” 9 uri is somewhat larger than the 
“optical” sun and tliat, unlike the optical radiation, the radiation falls 
off gradually near the edge. 

When tlie sun is known, from optical observation, to be disturbed, 
the radio radiation is often considerably enhanced. The enhanced 
radiation is very variable, and sometimes sudden bursts of radiation 
are associated with solar dares, hlxperiments with special aerials have 
shown that the sources of enhanced radiation coincide fairly accurately 
with visible sunspots. 
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Kow ]et US iuquiiie how tliose facts can b« explained. '(Ve Srst con¬ 
sider the radiation from the undisturbed sun, and note that it has all 
the cliaracteHstics of tiie light which would be radiated in the complete 
spectrum of electromagnetic waves from a hot body. The radiation 
from a body at a high, teiupemture would iuclude an appreciable 
amount of energy lu the region of radio wavelengths, and if this radio 
radiation were really a part of tlie continuous spectrum it would have 
the characteristics of noise which are observed in the solar radiation. 
If we assume that the radiation comes from an area slightly larger 
than the solar disk (as siiowu by experiment) we can use the observed 
intensity of the radintion to calculate the temperature of the region 
from which it originates. When this calculation is performed, it is 
found that the equivalent solar temperature is about one million 
degi'eos, which is greater than that (6000® K.) deduced from observa¬ 
tion of the visible light from the sun. Now the solar corona is supposed 
to have » temperature of the order of one million degrees aiul to be 
completely ionised, so that it consists of free electrons colliding, com¬ 
paratively infreqiietitjy, with the positive nuclei of atoms. Calcula¬ 
tion shows that it w'ould radiate radio waves of tlie hind observed. 
If this assumption is made, it is then possible to extend our knowledge 
of the corona by observations of tlio radio waves. It is iuteresting to 
note tlint because the corona extends considerably beyond the visible 
disk of the sun we should expect tlie “radio sun” to be larger than the 
visible one, as is, in fact, found. 

After Laving isuid that there is a reasonably good theory for the 
emission of radio waves from tJie quiet sun, we now have to admit 
that there is no correspondingly simple explanation of the enhiioced 
radiation from sunspots. 

When W'e turn to consider the galactic mdiationi also, H cannot be 
said that any firm tlieory lui? yet been proposeil. It is first natural to 
ask whether a series of bodies like the sun, distributed throughout tlie 
galaxy, could produce the observed radiation. In this connection we 
note that, if adi the visible stars cniitte<l radio waves like the quiet 
sun, ihe total radiation would only be about 10** of that observed 
from the galaxy. If they nil emitted like the sun when it is most dis¬ 
turbed, the total Tudistion would still fall sliort by a factor of about 
10“*. But the great constancy of the ludiation from each of the 50 or 
60 radio stars so far observed makes it seem unlikely that they emit by 
any mechanism corresponding to that w'lucli occurs on the disturbed 
sun. If we assume tliat the strongest observed radio star (that in the 
constellation of Cassiopeia) is at the distance of the nearest visible 
star, ami tliattlie total number and distribution of rndio Stax'S and of 
visible stars are the some, tJien we could account for the total radiation 
from the ga]a.xy. If it is supposed that the whole of the galactic radJa- 
aaoesa^aa-—la 
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tion cannot be accounted for by radiation from discrete radio stars, 
then it is nocessaiy to postdate radiation from the interstellar matter. 
Although the possibility of this has been considered in some detail, 
it cannot he said that any theory which would explain the observed 
intensity has yet been advanced. 

When we seek a meobanism to explain the radiation from the O'b- 
served discrete radio stars, we first notice that they differ from the 
sun in that they radiate comparatively much more strongly in the 
radio frequencies tbiiti in the visible part of the spectrum, as if they bad 
photospheres which are mucli cooler than Urn sun and coronas which 
are much hotter. But no detailed theory lias yet been accepted to 
explain them. 

It appears likely that, in the immediate future, experimental radio 
astronomers will concentrate their attention on devices for achieving 
increased angular accuracy, in an attempt to observe more radio stars 
and, if possible, to measure their parallaxes and angular sizes. A 
search for the emission of characteristic ^'line^' spectra from the galaxy 
and from the sun will also probably be carried out, particularly in 
view of the most interesting recent discoveiy that waves of length 21 
cm. can he observed, owing to hydrogen, in certain directions in the 
galaxy. On the theoretical side, attention will probably be directed 
towai-d theories to explain tlie radiation from sunspots and from radio 
stars. 


Reprints of the varioiia artidea in this Report may he obtained, as long aa 
the supply laAtA, on request addressed to the DiTision of PublleatioiiA^ Smith* 
sonLan liutitution^ Washington 25, C* 



The Sun, the Moon, and the Tides* 


By Rear Admiral Leo Ons CoLBERT 
f/, 5- Cwi3i and O&tdetic Survey {R^iktd} 


Little or no mention is made in early recorded history of tlie rise 
and fall of the sea, which we call tlie tide. This lack of interest on the 
part of those writers and lustorians who lived along the shores of the 
Mediterranean waa due to the small tidal changes which occur there. 
Tlie earliest, reference appears in the writings of Herodotus, the Gr^t 
historian, who wrote of the Toyages of early navigators. In a descrip¬ 
tion of the Arabian coast he mentions an arm of the sea in which 
‘^very day the tide ebbs and flows.” A century and a half later 
Pvtheas of Massilia wrote of the tidal movement and noted that there 
was a relation^ip between the tide and tho moon. Pj'lheas had 
gained his information because bo was one of the few who had ven¬ 
tured out of the Straits of Gibraltar into tlie open ocean. He had 
sailed to the shores of Britain, where the ebb and flow of the sea is 
much more noticeable. 

In the first century of the Christian Era the tides are ascribed 
definitely to the action of the sun and moon. In his Natural History, 
Pliny describes some of tlie principal phenomena of the tides, but 
knowledge of how the sun and moon provided the force necessary to 
influence tlm tides was not developed until many centuries later. In 
leST, Sir Isiiac Kewton stated that the tides were a necessary conse¬ 
quence of tho low of gravitation. He simplified the problem by sup¬ 
posing the eea to cover the whole earth with a layer of water of 
considerable depth. By tnathematical formula he showed that the 
relative masses and positloivs of the sun, moon, and earth could produce 
a regular movement in the overlying water. 

Under the stated circumstance, tho mathematicians assure us that 
the tides would be uniform. At any place, the time of the moon^s 
p ggytgit of tho local meridian would mark the time of a high water. 
Six hours later a low water would occur. The greatest range iu the 
tides would occur at the Equator and the least diflereuce between high 
and low waters would be at the Poles. The character of the tide at 
any place would depend upon the distance from the Equater^in 
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other Tfords, the chumcter of the tide would depend upon the latitude 
of the place, 

Newton had proved that it was the attracting forces of die sun 
and moon, with differing effects upon the solid earth and the waters of 
the oceans, which gave rise to the tidcs^ Further developmeut of this 
theory and of the problem of the tide has been the work of many 
eminent mathematicians, including Bcmoiilli, Euler, Laplace, Airy, 
Lord Kelvin, Poincar6, and others in Europe; and in the United States, 
Ferrel and Harris. 


TIDES AT VARIOUS PLACES 

Knowledge of tidal causes an<l conditions becomes important when 
they affect narigation, commerce, and the lives of people who live close 
to the 3 ca* Host of the great ports of the world are situated on tidal 
waters, smd the state of the tide is an important feature. The schedules 
of ocean liners and of large modern steamers can usually be arranged 
to take advantage of the more favorable conditions of the tide and 
tidal cur rent for entering ports and docking in congested harbore. 

It is frequently necessary for a steamer to traverse many miles of 
tidal waterways. For example, w^e may cite the Inland Passage io 
Alaska vrhere there is a considerable fluctuation in the rise and fall 
of the tide. Except for the entrances into tlic main inlets and sounds, 
numerous islands restrict the inside route. The navigator must know 
the state of the tide at critical places along his course. Shoal water 
in a strait between tivo main inlets, winch would be ha^rdous at low 
tide, could be navigated without danger at a higher stage. 

As a member of ihe United States Coast and Geodetic Survey 6eid 
party on board the ship AfacArfhur^ which made the original hydro- 
graphic surveys of Cook Inlet, Alaska, I recall our difficulties in 
erecting tide staffs to measure the great range of the tides in the 
vicinity of the present city of Anchorage. At that time there were 
no piers or oilier structures to which the staffs could he secured- Mud 
fiats extended offshore for several miles from the high-water mark. A 
series of staffs were erected across these flats, and an observer, stationed 
in a small beat, recorded the tide as it rose or fell on successive staffs. 
Near this location, our recoi-d measurement was a 35'foot difference 
in height between high and low water. 

The need for information on tidal conditions in our coastal watere 
became apparent toward the close of tlie last rentury when systematic 
hydrographic stirveys were inaugurated m pioneer regions and in 
some rapidly growing seaports. Tliis need brought about the develop¬ 
ment of the automatic tide gage and of improved mathematical equip¬ 
ment for ana1> King tidal observations. With such gages install^ at 
strategic tidal locations, we hove been able to accumulate much inf or- 
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mntiort, in reccnl on the behavior of the tide at various ^aporta 
and along the open coasts 

When a tide gage is operated through a full jnonth, there la traced 
on a continuous roll of paper a line showing tlie rise and full of the 
tide for that period. Observations are usually continued month after 
month, and, at basic stations, year after year* From the curve traced 
on the tide-gage record, there can be obtained tlie times of high and 
lovf water, the heights^ the range of tide, and the height of water at 
any intermediate time between high and low water. Studies of the 
tide curves at various porta have disclosed differences in time, rango^ 
and cliaracteristica. We have learned of varieties in the tides which 
occur because different water areas react to the some tide-producing 
forces in different ways. 



Let us loot at the tide curves of some of our coastal seaports and 
note the differences exhibited. Figure 1 shows the actual curves, 
recorded on automatic tide gages, of tlie rise and fall of the tide on the 
same day at New York, Pensacola, and San Francisec^that is, for a 
seaport along the Atlantic, the Gnlf, and the Pacific coassts- At each 
port, the central horirontal lino represents tlie moan level of the sea, 
above and below which tl>e water has risen or fallen in the amounts 
shown in feet to tiie left. At New York there arc two high and two 
low waters in a period of a day; the morning and evening tides do 
not differ much and the tide has risen above the mean level of the 
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aca about as much as it baa falleu below that level. At Peuaacola the 
tide has risen and fallen only once each day, and it is generally equally 
above and below the mean level, At San Francisco there are two 
highs and two lows each day, but there is a difference between the two 
high waters and between the two low waters. 

The diaracleristic features of these tides are repeated throughout 
the year, and are the norma] characteristics of these three seaports. 
Typical tide curves at Seattle, Honolulu, and San Diego are shown 
in figure 2, At each of these ports, there are two high and two low 



waters in a day. At Seattle the high waters do not differ much in 
height, but the low waters ^hibit a marked difference. Note that 
on the last day, the difference in height of suoc^ive tow waters is 
10^ feet. At Honolulu the curve shows that the differeiico in height 
of tho high waters is more marked than lor the low waters. If wa 
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conipare the churacteristics of the tides of these two ports, we note 
that at Seattle a lower low water is followed by a lower high water, 
and a higher low is followed by a higher high. At Honolulu, a lower 
high is followed by a lower low and a higher high is followed by a 
higher low. 

At San Diego there is a further contrast to each of the other two 
ports. Hereboththehighnndlowwatcreofa day differ considerubly 
from each other, and the difference between successive high waters 
about equals that between successive low waters. 

There is another variety of tide for which we may refer to hdal 
observations made at Galveston, Tes„ and, halfway around the world, 
at Manila in the Philippine Islands for Uie same 4 days. At both 
ports two high and two low waters each day gradnnily shift to one 
high and one low. There is usually a stand of tlie tide when the 
lower high and the higher low waters merge. At this time there is 
little difference in height. This stand of the tide takes place at 
Maniln on tljo rising tide and below the mean level, and at Galveston 
on the falling tide and above that level. 

In the tide-gage records of the foregoing seaports are found the 
major features of the varieties which occur in the rise and fall of the 
tide. At whatover place the tide bns boen observed, rartain dis¬ 
tinctive features have been, found to distinguish the variety of that 
tide. 

WATER OSCILLATION IN A TANK 

The great physical fact of the tide, apart from the particular 
characteristics of its rise and fall, is the continual ebb and flow of 
the ses at a periodic rate, due to the ne^Iar movements of the sun 
and the moon which furnish the attwetiug forces to the waters of 
the earth. This fundamental movement of the sea may be illustrated 
by the action of water in a tank, which has been put in motion by some 
outside force causing the water to flow to one end, The water level 
will be raised at that end and will be lowered at the other. Being 
fluid, the water will not maintain this position, hut wiD flow toward 
the opposite end. It will oscillate from one end of the tank to the 
other, the period of oscillation depending upon the length of the tank 
and the depth of the water. Tlie movement of the water will follow 
what is known as a stationary wave motion. The greatest change in 
water level will occur at the ends of the tank, but across the middle 
there will be no change. This line of no change, or axis, is the “nodal 
line” of the tank. 

If the movement of water occurred in two tanks placed end to end 
to form two sections of a combined tank, and tlie partitions between 
the two wet® removed, the water would oscillate or swash about two 
axes or nodal lines in the combined tank. There would now bo three 
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locations of bigli water and of wnter, at the middle and at the 
ends of the combined tank. It is evident that a further combination 
of different tanks ilUo one irregnlar-^hat^d basin would support a 
stationary wave motion in sections and that there might be three or 
more nodal lines. The water would come to rejd eventually unless 
the movement were continued by the original external force which 
put it in motion. We know that when the force is continued to be 
applied with the rhythm of the period of movement of the stationary 
wave hi that particular basin^ the water will continue to oscillate. 

TIDE^PRODUaNG FORCES 

In nature, the external force is astronomic. Tides are caused by the 
attractions of the sun and the moon. The tide-producing forces are 
the result of the difference in effects of the iittraction of these heavenly 
bodies on the waters of the sea and on the solid cartiF The tide-pro- 
ducing forces vary directly as the mass and inversely as the cube of 
tlie distances of the heavenly bodies from the earth. Although the 
mass of the sun is many times that of the moon, the inverse effect of 
the cube of the vast distance to the sun, as compared w^ith the nearness 
of the moon to tlie earth, reduces the effect of die sun^s tide-producing 
force to less than one-half that of the moon. 

It is evident^ under NewTou'S law^, that the gravitational pull of 
the earth muss would overcoine any vertical pull of the siin iind 
moon which would tend to lift the sea directly below j but owing 
to the great mobshty^ of waterj it is equally obvious that borizontal 
movement could be induced into a body of sea water by tbe pulling 
force of these rotating hollies. It is the horizontal component of 
(be combined attractive forces of the sun and moon that sets in 
motion the watery of the ocean basins and gives rise to tidal movement. 

Dr. Rollin A. Harris^ a tida! scientist of the United States Coast 
and Geodetic Survey, proposer! the stationary-wave theory for the 
tidal movement and delineated various ocean basins that should prop¬ 
erly respond to the tide-producing forest to maintain (Bcillating sys¬ 
tems. Ur, Harris dcvclojied his tidal theory mathematically in 1900. 
A study of tide observations at numerous places along the seacoasts 
of the world has proved tlie correctness of Dn narris's theory and, 
in a generuI way, tho correctness of the marginal limits he had 
described. 

OCEAN tidal basins 

In most cases there are geographic land boundaries or submerged 
bottom features that determine the configuration of the various ocean 
tidal basins. The natural period of osoillation depends upon the 
shape of the basin and the mean depth of water. The period of 
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oscillation corresponds to the period of tlie principal tidie*produciiig 
force. When the moon is tlio predominant force, this period is 12 
Jiours and 25 miiiutee sun time or exactly 13 lunar bouts. 

There are two large basins In the Atbntic that respond to the 
action of the moon to produce the tides in that ocean. Ihe lav^r 
of these extends across tJie North and South Atlantic Oceans with 
the eastern coasts of North America at one end and tho Antarctic 
Ocean at the other end. ITie lateral limits in the open ocean may 
only he approximated, bnt in otJier areas natural geophysical features 
can be recognized. Such natural boundaries are Uie east coast of 
North America, including the islands and reefs extending from the 
Florida coast to the Windward Islands, the west coast of Africa 
from Portuguese Guinea to Liberia and fiom Cape Fria to the Cape 
of Good Hope. (See fig. 3.) 

We may consider that tins basin is made up of three sectioi^, 
ill order to follow the movement of the stationary wave. The oscil¬ 
lation Uittt has been set up by the astronomic force will cuiiso the 
water to rise to its highest level at the ends and at junctions of the 
sections, and there would be no change in water level across the axis 
cr the nodal line of each section. 

At tlie present time there are no Oieans for measuring tho tide 
in open ocean ai'casL Tides can be observed along the coasts and 
on the off-lying islands of the continents that encompaaa this biislti. 
Beferring to the eastern end of this Atlantic basin, the nodal line 
of this section touches the Wiiidiivard Islands of the eastern Caribbean. 
At this location there should be little or no cliange in tlie tide. From 
tidal observations along the shores of theso islands, we find this 
to be true. 

If we proceed northwest along the shoivs of the IVeat Indies to 
the coast of Georgia, we should find increased ranges in the tide. 
Tidal observations confirm this. For the coast of Puerto Kico, the 
rise and fail is 1 fool; for the Bahamas, 2 feet; and for tlio Georgia 
coast, € feet. 

The period of oscillation of the water checks with the observed 
times of high water and low water along the various cosists of the 
continents of this main Atlantic basin. Twelve hours after the moon 
passed over the meridian of Greenwich, tlie oscillation of the water 
brought high water to the east coast of North America, Six lunar 
hours filter there was low water along this coast. 

The tides observed along other shores of the Atlantic Ocean are 
caused by the movement of water in a smaller basin, wliich consists 
of two sections wi(h two nodal linea. Fight hours after the moon s 
transit of Greenwich, high water will occur on the coasts of Iceland, 
Greenland, and Labrador at one end of this basin and on the coast 
of South America, between Natal in Brazil and Trinidad. 
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Figqii£ Tidd baiini in the Atlmtic Ckcan^ 

The waters of the Caribbean and tho Gulf of Mexioo are not in¬ 
cluded within either of the Atlantic basins^ The area in which these 
waters lie is not of the proper length and depth to sustahi the system 
of oscillation of those basins. These watera are separated from the 
larger basin bj iho islands and submerged reefs that extend from 
Florida to the northeast coast of South AiiieFica. Tliey respond to 
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ft minor tido'producing forca and there is a amsll daily rise and fall. 

A tidal badii esists in the estrome western part of the Indian Ocean. 
Its geographical limits are well defined on one side and end by the 
east coast of Africa and the shore line of the Arabian Sea. The 
island of Madagascar lies along the middle of the other side. This 
basin is overlapped by two other basina which extend across the 
Indian Ocean from east to west (fig- 4). 'llie soutliem of these is 
clearly defined at the ends by the coasts of Africa and Aiistraba. 
The nortliern basin is bounded mainly by the south coast of the oou- 
ilnent of Asia and the shore line of northwest Australia. 



4.—bdusi-na in the Ind-iaD Ocean. 

Where the east-west basins overlup the north-south basin 
western part of the Indian Ocean, high water comm halfway 
through the period of oscillnaon of the overlapping basins one «- 
currine at tbe third hour and the other at tlie sixth hour. The sta¬ 
tionary wave of one basin will bring high water at the tiine when the 
water in tbe other has receded to sea level and neither the time nor 
range of the tide ia iuftuenced by the overlap, 

High water occum at the third hour along the shore line of the 
northern part of tlie Bay of Bengal, in sections of the coast of Ana- 






It will be noted that California and Lower California in Mexico 
form a geographic end to this hEtsin, The oscillation of the waters 
tends to iiici'case the height of the tide at this location. High water 
occtu-s at the eisth hour after the nvoon^s Grcem^-ich passage. 

In the major iMSin, high water occurs along the shore of the Gulf 
of Alaska on tlie ninth hour after the moon’s Greenwich pas^ge. 

l>ong ssries of tidal observations on the open coast of off-lying 
inlands have aesisted in checking the geographical limits of the great 
Pacific tidal basin and of the location of the nodal lines. One of the 
latter touches the coast of Japatit at Aomori^ where there is a ^mall 
range of tide. There ai^e small ranges, 1^^^ feetj nearAcapuko on the 
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trolia, and the southern tip of Africa. In die strait between Mndagas* 
car and ihe African coast the time of high water is 12 hours after 
the transit and low water occurs 6 hours later. 

The ocean basins of the Pacific that definitely respond to the semi- 
rlftili: iif?i»-ornrlT3riTsi> fnrceft nf die moon ai^ shown in figure 5. Thera 
is a uiajor basin that covers most of the Pacific Ocei 
row second basin crosses the major basin. It extends f 
fornia coast to the Fiji Islands and New Zealand and 
sonthem tip of South America, 
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coast of Mexico and less than 1 foot in the Caroline Islands near 
another nodal line. 

It H*as noted previously that the tides were small in the Caribbean 
and in tlie Gul f of Mexico. At the Atlantic entrance to the Panama 
Canal, near Col6n, tliere is a ranjafe of 1 foot. At Balboa, on the 
Pacific entrance, there is a considerable rise and fall, amounting to 
12 to 16 feet This large range is partly accounted for by the geo¬ 
graphic location of tliis entrance at Uie end of a loop in the basin, 
where the highest level is reached by the oscillation of tho waters. 

In the vicinity of the Aleutian Islands, there is practically no 
semidaily tide. This archii>elago, extending in an arc over 000 miles 
from tile Alaskan Peninsula, separates this Pacific basin from the 
Bering Sea basin. The waters in each basin oscillate under diHerent 
influences of the sun and moon. When differences in elevation are 
built up between tho Pacific side and the Bering Sea aide of these 
islands, the passes between them become what has been termed ''spill¬ 
ways.” Tidal heights in the passes are not great, but tho currents 
are strong. Flood currents frequently flow for 18 hours at rata 
of 4 knots. The ebb, flowing southerly, is of shorter duration but 
exceeds 6 knots, with velocities as high as 9 knots in some of the nar¬ 
rower and shoaler passes. Under these conditions, heavy tide rips 
occur. Some of thcso tide rips are 8 feet high and could seriously 
endanger a small ship. 

In speaking of turbulent tidal waters, another type should be men¬ 
tioned, namely the tidal bora. This is caused wherever the shore and 
bottom characteristics restrict the rise of the tide until u substantial 
difference in elevntion is built up. Frequently a wall of water will 
advance across the shallow area at considerable inittal velocity. Dur¬ 
ing the survey of Cook Inlet, which I mentioned earlier, we had 
occasion to observe this tidal bore in Turnagain Arm. This bore 
could capsize or swamp a small bout. It was necessary to take pre¬ 
cautions before the turn of the tide to insure that all working parties 
and boats were dear of the flats and shoals covered by the bora. The 
tidal bore in the Bay of Fundy is well known, 

COTIDAL LINES 

In speaking of the principal tidal basins iti the oceans, mention was 
madeof Eorne of the locations where high water occurred at the height 
of the semidnily movement of the stationary wave, induced by the 
oscillation of the waters in various sections. The times of high water 
were related to periods following the time of the moon's transit of the 
meridian of Greenwich, The various locations of high water, ss 
produced by all tidal forces, have been delineated by cotidul lines- In 
figure 6 there are sliown the cotidul lines tlie Atlantic Ocean from the 
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first through the twelfth hour after tlie moon’s transit of Greenwich, 
The Bsmidaily cycle is complete in 12 lunar hours. 

It will be noted that a cotidal lino for the twelfth hour follows the 
general trend of the coast of Xorth Americft from Halifax in Nora 
Scotia to Cape Canaveral in Florida and then turns off to the Bahamas. 


Fiuuu 5.—Cotidkl line* in the Atlaniic Ocean. 

It shows that high w^ater occurs at the sumo ttmo at widely separated 
places from north to south, bub approximately at the same distance 
off the coast. This cotida! line appears off the Delaware and jilary* 
land coasts in figure T) which shows the cotidal lines in Chesapeake and 
Delaware Bays at intervals of lunar hours. 
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Fmsuri 7.—Cirtldil line* in ChM*pe»l« »nil Deliware Eijr*. 


From the theory of the tides, we know that the stationary ocean- 
wave moTament may set «|) a progressive wave when the effects of 
this movement are extended to the waters of bayS) harbocSj and inlets 
of a coastal area. The progressive wave is prominent in Delaware 
and Chesapeake Bays and in Ifew York Harbor. 
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Tlie progress of high wliter in Chesfipeaks Bay is shown by the 
locetion of cotidal lines. Inside the entrance to the bay, high water 
occurs 1 hour after the time of high water off the coast. High water 
occurs on the lines shown at the second hour^ third hour^ and fourth 
hour. At the fifth hour, liigh water occurs as tiie progressive wave 
reaches Smith Island; at tlie siith hour )t is high water in the lower 
Potomac; on the eighth hour, at Cliesnpcake Bench; on the tenth, at 
Love Point on Kent Island; and on the cleventli hour near the en¬ 
trance to Baltimore Harbor, At the nest line, high water occurs at 
the end of the 12-hour cycle. .4.t this time the stationary wave lias 
induced anotlier high water along the cotidal line off the coast. For 
the nest 2 hours, high waters occur at the estreme upper and lower 
sections of Chesa[>eake Bay at the same time, 

In lower Delaware Bay, between the first and second hour, high 
water advanced about 25 miles; during the nest hour it advanced 15 
miles farther. High water occurs at Chester about the fifth hour (Uid 
at Philadelphia about 1 hour later. 

Tlie natural shapes of these two large bays have appreciable effect 
on the range of the tide at various plat'CS, A tide-gage station on a 
pier jutting severs I hundred feet into the ocean at Atlantic City, If. J,, 
has recorded a mean range of 4 feet. In Ciiesjipeake Bay, owing to 
the relatively shallow depth, which tends to absorb tlie tidal energy, 
and the increased width above the entrance, the normal range of tide 
is reduced; near the mouth of the Potomac it is about 1 foot. On the 
other hand, tlie funnel-like shape of lower Delaware Bay increases the 
range from 4 feet offshore to G feet at Philudelphia. 

In both tliBse bays, esptjcially in the Ches.apeiike, high wdnds will 
disturb the normal range and time of liigh and low waters. Strong 
southeast winds causa water heights to rise and northerly winds to 
reduce them several feet from tlie normal levels. HuiTJcaue winds 
have increased heights 5 to G feet. 

Tia^L PHEDICnOKS 

In the early part of the last century there was need for pmUctions 
of tides for many sea]mrt5 of tlie world. It was iicccssaiy' to know 
when high and low water would occur, and what the amount of the 
rise and fall of the sea would be. The depth of water in many ports 
was a critical feature which determined the time of entry, loading, 
and departure for sailing sllips. It was widely rccognisied that the 
predominant feature of the tidal movement was the relationship of 
time of liigh and low waters to tlie time of the moon’s passage over- 
head; and that the higher or lower tides oceutred during certain 
phases of the moon. A series of observations of the tide at an iso¬ 
lated port were usually sulEcient to furnish this connection approii- 
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mutely. Tlie mnrrner ’sraa given the information on the nautical 
chart in the form of a tidal note. 

In more recent years llie need for precise prediction of the tide be¬ 
came important. Knowledge of exact tide conditions and the ebb and 
(low of tidal curients at definite periods and hours was needed monllia 
in advance for engineering purposes and for coastwise and trans¬ 
oceanic commerce. As contrasted wdth the general niid incomplete 
information on the early charts, there is now printed in tide tables 
accurate and detailed data on the time and height of high and low 

water, _ ■ <j 

By the eschange of information with other maritime ucnintncs, tide 
tables are printed for porta and seacousts of all oceans. A casual 
glance through these tables would show ttie great variation in tlie 
tide for different geographic locutions. 

For prepamtion of the tide tables, long and tedious computations 
are avoided by the use of computing machines, such as the Coust and 
Geodetic Surrey tide-predicting machine designed and hiult in the 
bureau under the direction of Dr. Harris and E. G. Fischer. Along 
each side of the macliine are set the harmonic constants for a given 
seaport. Derivatives of 37 component curves may be set on a series 
of pulleys over which a flexible chain pusses to sum up their respective 
movements. The macliine curries out four operations simultaneously, 
namely, (1) draws the curve of the pretUcted tide, (2) marks on the 
curve tlie time of each high and low water, (3) indicates the time and 
heights of high and low water on dials, and (4) exhibits on these diab 
the height of the tide at nny desired time. 

The first predicting machine was devised by Lord Kelvin, wdio ap¬ 
plied the harmonic analysis to the problem of predicting the tide. 
Complexities in this problem are caus^ partly by the varying configu¬ 
rations of the shores and hydrographic features of different bodies of 
water, but principally by variations in the combined effects of I he 
tide-producing forces of the sun and moon. The orbits of the sun 
and moon arc elliptical; they are inclined to the plane of the earth s 
Equator and the pcnotls of revolution differ for these celestial 
bodies. By the method of hannonic analysis are computed the am¬ 
plitudes and phases of simple tides such as would be produced by a 
number of suns and moons revolving in simple circular orbits, all in 
the plane of the Equator. Tlie complicated effects of the tide-pro¬ 
ducing forces of sun and moon are broken down into a sufficient num¬ 
ber of component curves to take care of the variations of tho true sun 
and moon from such simple circular movements. 

SOLAR TIDES 

One frequently hears the eijiresslon “the tide follows the moon.” 
Wo have noted that tho nearness of the moon overcomes the much 

IIS— 
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greater mass of the sun and that the waters in great tidal basins of 
the oceans owallate predominantly to the lunar semidaily tide-produc- 
ing force. The axis of a tidal basin may be so situated that the waters 
will receive the inaximum effect of one force and the rainirnum effect 
of the other. 

In two ocean areas it has been found that tJie waters are under the 
minimum influence of the moon. Th ese waters respond to the period of 
the tide-producing force of the sun. This condition pves rise to the 
solar tides, which are found at Tahiti and in Torres Strait. Although 
there is a slight variation, in minutes only, we hove ut Tahiti the 
unusual feature of high water coming each day at noon and at mid¬ 
night, and low water at 6 in the morning and 6 in the evening. 

The tide at Tahiti has a small range, More recently a larger solar 
tide has come to light on Tuesday Island, a small island in Torres 
Strait about 15 miles from the northern point of the Australian matU' 
land. Hera the tide has a mean range of over 3 feet, and high water 
comes about the same time day after day. Low- water occurs 6 hours 
later, also at the same time each day. 

To summarize briefly, we have noted tliat the tide-producing forces 
of the sun and the moon bring about the rise and fall of the sea waters 
of the earth; and that the response of the waters in tlie various ocean 
basins, modifled by the hydrographic features and their geographic 
locations in those basins, results in the varieties of the tide that we 
observe along the coasts and in the bays, harbors, and seaports of the 
world. 


Eiieineering and Pure Science 
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By W. R a SWAJtfW 

UirfcrflT^ /JwearcA faiijdWu^Fi 

Ftaaklm /jwfifwffl, 5iMrfAmore, PeL 


I HAVJi ofteii wondered why the cathedrals of medieval times di(^ t 
fall down. If I efitcr one of th^ edifices I feel distuL‘bcd by a number 
of conflicting emotions. I say to myself: ‘"Now, Swann, you iiot 
an architect, niid you do not know anything about building ohurchoa 
However, you do know a little Wt about the dieory ol elasticity and 
how to calculate the stresises in various structures; you ^ow a litUe 
bit about the tilings which are fundamental in providing Uiat tiie 
cathedral shall not fall down, and yet, the fellow who desired th^ 
dome did not liave any knowledge at all of these uiatters. 1 start 
with the feeling that 1 ought to be able to design a much better dome 
than he has, and yet, if soinehody sentenced me to this task, end even 
if I should, in my own humble way, muddle through tlie calculation 
necessary in my opinion to insure safety, 1 should never have t s 
courage to erect the dome until I liad talked with some practical cngi^ 
neer and asked him whether he tliought tlmt my dome really would 
stand up in practice, or tumble down, to my great disapiJOintnicut and 
humiliation. 

Now, why didn’t the dome built by that ignorant medieval archi¬ 
tect—who knew nothing about the equations of elasticity, who had no 
differential or integral calculus, who had no knowledge of mechanics 
and of all the tilings which it would seem he should have known^why 
should his dome stand up, whereas mine would probably fall dnwnl 
I feel very humiliated about the matter. 

EXPERltSCE VERSUS SOENCE 

In the development of modem technical industry, two parlnere 
are called upon to cooperate—practical eiperienee and what la call^ 
flcientiBc research. Esiwrieuco is die product of 6,000 years of civil¬ 
ization. Science is the product of 300 years, and in its relation to 
industry as a working partner, it is a product of less than (» years, 
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It Is, therefore, not remarkable that this healthy, white-haired Metha- 
selah who is Experience looks occasionally with suspicion at the 
energetic young upstart who is Science. Nor is it remarkable that 
the youtig upstart, looking back at his partner, regards him occasion¬ 
ally as a stubborn old fogey, hidebound in liis ways, and extolling 
continually the merits of horse sense. However, it has to be admitted 
that the old fogey seems fairly tirosperous, in spite of the ancient 
cut of his clothes j and moreover, that he has much money in the banlc 
w'hich he has accumulated as the result of his methods and which— 
humiliating tliought—provides in one way or tlie other much of the 
daily bread of the young scientist. How shall w‘e appraise the rela¬ 
tive merits of these partnered How con we plan for thieir most 
successful cooperation ? How can we bring the old fellow to realize 
to the full the value which lies in what sometimes seem to be the 
high'falutin, impracticable activities of Uie youngster? Is tliere any¬ 
thing of value ill those methuds of horse sense, of cut and try, of long 
experience, whidi can be recommended to the youngster as things to 
be valued? And if so, how and in ivhat form can we persuade the 
youngster to utilize this value? 

1 picture an old violinist, higlily skilled in his art, but devoid of 
scientific knowledge. There comes to him a young physicist who 
says; ‘‘My friend, I hove been watclung you play that instrument 
and I am gouig to tdl you how to play it better, for I am a student 
of acoustics and know all about the laws of sound.’* ‘■‘Very well,” 
says the old violinist, “here is the violin—play it.” “Oh no,” says 
the young physicist, “I ivould not wish to use that instrument nt all. 
It is, indeed, a very stupid instrument, with no scientific background. 
It is strung with a cot’s inside and played with a horse’s tail. It has 
u form dictated by no scientific principles and the only information 
I have been able to find with regard to it is to the effect that the form 
had something to do with the supposed figure of the Virgin Mary. 
I would like to study a very simple case first.” And so our young 
physicist siis{>ends a simple stretched string between two fixed jioitits 
in space and he discusses all tJie various modes of vibration. He 
discusses how- the frequency of vibration determines the pitch, how 
the overtones determine the quality, and so forth, llie old violinist, 
much impressed but much bewildered, s.ays; “All right, here is tho 
bow. Now play it,” On drawing the bow across the string, the old 
violinist hears nothing, for wo all knoiv that a string so mounted 
would emit practically no sound at uU. The old violinist complains 
that he cannot hear anything, but the young physicist feels that it 
is very unreasonable of him to insist upon wliat he deems the relatively 
minor matter of hearing something and ]>iXK:eeds to argue that it is 
much better to understand what you do not hear than to hear what 
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you do not undcTStAtid. But the old violinist is sad about tliis timtter 
and goes away a little comforted by the fact tliat although ho tuay 
not Imow what he is doing, he knows liow to do it, 

THE SCIENTIFIC APPROACH 

And SO it is characteristic of the ways of the scientific attack to take 
a simplified problem and, by studying that thoroughly, hope tliat one 
may proceed to understand and control the couipkx problem. In the 
field where the man of science has had tlie matter in hand from the 
beginning, this procedure has been very successful. Thus, he started 
with pure academic interest to inquire why electricity was emilteil 
from hot wires in a vncuum. These esperiments led to otliers and 
ultimately to the thermionic Tacuiim tube and to the whole science of 
electronics. In this development, the physicist liad everything under 
control from the beginning. Tliere were other matters starting in the 
realm of pure academic interest which became welded with tlie matters 
pertaining to the discharge of electricity from hot wires. All these 
infants, born more or less in isolation and with no great individual 
prospects, were brought together by the man of science, w’ho nurtured 
their development, watched over their progress, marshaled them from 
time to time into more efficient groups as reganls tlieir potentialities, 
until finally we had in tJie world of today radio, television, and s 
hundred other things whoso operations, if viewed for tlie first time, 
would seem so complicated, so unrelated, and so miraculous that no 
brain would have the courage to interpret them. If we could im¬ 
agine some supergeuius of the inventor kind who, by a rule of thumb 
und horse sense—it would liave to be a very special kind of a hoi^e— 
had arrived where we have arrived toflay In the science of electronics, 
but without knowledge of tiie basic fundamentals perlaming to the 
subject, and had presented us with the various pieces of equipmeiit, 
with sales bulletins telling us how to turn on the switches to set it in 
oi^eration, we would have a marvelous time for a weekj and even if 
the apparatus continued to function for longer, T venture to say that 
further improvement in its operation would take place very slowly 
indeed, if at all. 

INVENTORS 

As distinct from the procedure of the conventional man of science, 
one has that of the inventor. Fiequently the inventor is very hazy 
as regards the fundamental principles that control the phenomena 
with which he deals. In a certain sense, this is an advantage to him 
in hla method of working beeauso he tends to compensate for his lack 
of power os regards rigidity of prediction by the ntilizntion of knowl¬ 
edge of an enormous number of eipcrimental facts and processes which 
he combines in all sorts of ways in search of the end he desires. Thera 
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is apt to bo B higb mortality m tha espoct^ acMevem^nt; but valuable 
eod products frequently appesJ, even vfhen, in the light of a strict 
appraisal of affairs as represented by the scientific knowledge of the 
day^ it would seem that they never should have appeared. 

The inventor walke in a territory which the man of science has 
mapped out in regions of assured fertility, dubiouB fertiUtyi and 
almost certain sterility* The man of science is inclined to con^rve 
hia efforts by walking in the rather limited realm of assured fertility, 
hut the mventor walks with courage everywhere. He sees a pasture 
which he thinks has promisB. The physicist would ei^plain to him 
that his reasons for expecting something from that region are invalid, 
and in 90 percent of the cases they are, but the inventor walks never¬ 
theless* He walks persistently, so that every now end again he finds 
some spot which is rich in content, not perhaps for the reasons that 
he eispectod it to be, but for other reasons of which he may be only 
partially conscious. If we should trace these reasons to their origin, 
they might constitute a set of heterogeneous associntions with no very 
obvious logical connection, but which, through the scliome of profound 
regularity inherent in nature, have conspired to give a stiggestion 
which is fruitful in spite of the Tcry dubious foundations upon w hich 
the suggestion is made. 

It is characteristic of one who concerns himself almost exclusively 
with the practical needs of a science or art that wide esperienco should 
supplement in considerable degree refinement of ejeact prediction, 
I have been accustomed to state as my experience that when there 
is n controversy between an artist—a musician, for exomple—and a 
man of scicnoo in relation to something which concerns the actual 
practice of the art, then in M percent of the cases the artist is right 
and the man of science is wrong* However, the situation does not 
end here, because unfortunately the artist proceeds to give the reasons 
for what he saysn Tlien everything that he says is wrong and the 
man of science has merely to sit back and pull him up at the end of 
each sentence, leaving hiru completely bewildered, but unconvinced 
nevertheless. 

There was a celebrated inventor whose employees hung ui>on the 
walls of hia Isboratory a placard which stated; “The t>oor fool didn^t 
know enough to know that it couldn^t be done, so he went ahead and 
did iU’^ Ton know, the telephone never should have worked. Think 
of the inipoKiblB situation with which we are presented in this 
device. Think of the cables that carry the telephone current in the 
form of electrons* Irr tlie absence of the current, the electrons are 
moving in all directions. As many are moving from left to right as 
are moving from right to left; and the nothingness which is there 
is composed of two equal and opposite halves, about a million million 
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amperes per square centimeter in the one direction und a miliion mil¬ 
lion amperes per square centimeter in the other direction. The tele¬ 
phone current constitutes an upsetting of the balance to the eitent 
of one-hundredth of a millionth of an ampere per square centimeter, 
or about one part in a hundred million million million. Then if 
this one part in a hundred million million million is at fault by one 
part in a thousand, we ring up tlie telephone company and complain 
t hat the quality of the speech is faulty. 

In the realm of pure espcrianc^ one has frequently started out witli 
something which is vei'y complicated at the hegi lining- By ^trying 
this and that, one has arrived at a number of procedures which are 
not unrelated, which in some cases are redundant, and wliich in others 
are even inconsistent with one another, and yet, through the proce^ 
of trial and error and much lapse of time, there haa r^ultcd a set of 
operations and procedures that work in reasonably satisfactory man¬ 
ner, That wUch w e call understanding b now much less fuiidumen- 
tal and, indeed, less powerful than the understanding of the Ecientis^ 
but b in some sense effective. Our O'ld violinist can certainly play hia 
instrument and make it sound good. He telb hia student to imbue hb 
soul with the spirit of good tone and good tone will come from the 
instrument. The student tries to follow thb advice. He does a lot of 
wrong things and the master lambastes him continually with all sorts 
of other criticisms. Jle telb him that he slouches too much when iie 
plays—that he h lazy—Uiat unless he holds his bow more Hrmly the 
spirit of tone in his soul cannot |3crmeato through to tlie^instrument. 
And BO, as a result of a lot of trials and errors and of doing this and 
that, sometimes consciously and sometimes nnconscioualy, the ^dent 
succeeds in producing the good tone. Possibly he still retains the 
feeling that hb soul produced the tone, and it does no harm if he 
should think that, so long as the idea in its implementation ia supple¬ 
mented, consciously or unconsciously, by all that heterogeneous con¬ 
glomeration of other things which really conspire to produce the 
ultimate end. 

THE NATURE OF PHYSICAL LAWS 

As a phyaiciEt I seek a logical framework of knowledge in which all 
parts of my ecience are related in unambiguous ways. I am unhappy 
about two different criteria bearing upon the same Hubjoct unless I can 
understand clearly whetlier they are independent or related. 

And yet, out of this completely formulated ^stem of laws which 
represents my ideal, I could obviously pick certain isolated elenmnte 
and put them into forma which would stand by themselves and which 
would hide their relationship. These isolated elements could well 
servo as a useful guide to the artisan or general practical man even 
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though the kngunge appropriate to their more complete setting in the 
fundamental frame might be unintelligible to thcni- We sec this 
kind of thing hap]>ening in almost overj branch of physics tlint finds a 
utilitarian serrice. 

Of course^ the reason for this state of affairs lies in the fact that the 
fundamental laws frequently espresis their consequences in forms 
which arc not conveniently adaptable to problems, UoAVcver, it is 
possible to dress tliem up in different kinds of clothes suitable to the 
various rcaUns in which they have to functiort| and sometimes the 
clothes are so different that it is hard to recognisse in them the same 
individual. However, from the practical standpoint, this existence 
of different forms of raiment is not to be decried, liowcver much it 
may irritate the master of fundamentals to see his beloved concepts 
go variously represented- Occasionally the whole success of utiliza¬ 
tion of ilie concepts depends upon the raiment. An cjcample is to be 
found in a problem which, for a considerable time, taxed the genius of 
the greut Newton, This pi-oblem concortied tlie proof of the fact 
that a spherically symmetrical distribution of matter obeying the law 
of invci^ squares acts, at external points* as though all the matter 
w'ere concentrated at the center- By the utitis&ation of Gaus^s theorem, 
it is poe^sible to prove t his result, which batllcd tlie gi'eat Newion for so 
long, and to write the proof on the area of a postage stamp: yet GausS's 
theorem is no more than the law of inverse scpiares garbed in such a 
form as to make it particularly at home in the realm of stdierical 
symmetry. 

And so, in meditating upon our ancient and medieval arehitectsi 
I have to believe that, though unconscious of the general fundamental 
la^vs* they nevertheless sensed many things which w ere true and wer^ 
able to mold them into a frame of procedure which was sufficiently 
concrete and self-consIs?tcnl to serve as a guide in their operations- 
We should feel very insecure in this frame, fearing that sometliing 
had been forgotten, unless we could see the elements of that frame as 
consisteiit parts of the more complete whole* However, there is an¬ 
other respect in w^hidi the rule-of-thumb procedure has something to 
be said for it. Many problems which are controlled by fundamentals 
perfectly well known to ns arc incapable of solution by known rnathc- 
matical procedures and we are driven to illustrate the matter by api>eal 
to simplified cases* If I tap a table with my finger, I say that I 
tinderstand in a general way how the vibrations which ensue come 
about. I think of those interactions of elasticity and inertia which 
are fundamental to the solution of the problem. I can even write 
down the differential equations which control the solutions, and yet 
no mathematicinn on earth is clever enough to work out the solution 
for this particular case. 
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Now, frequently, the rule-of-thumb procedure, while deficient in 
tbo obviousness of its rektioti to fuiidameiituls, is opt to teke cure 
of complkationB in circumstances which might be almost infinitely 
difficult for any mathematician to take care of by trying to solve 
for the consequences of the fundamentals. Thus, if an authority on 
acoustics should endeavor to construct a dolin without collaboration 
with an exponent of that craft, I doubt that he would produce as 
good a violin aa Stradivari. Jlorcover, I rather surmise that if 
Antonio Stradivari and Nicolo Amati came to life today and held 
a discussion with the great violinmakere of our epoch, the discussion 
would be much more liarmonioiis than would one between engineers of 

these periods. , . . ■ i 

When the physicist is presented with a complex situation, where 

the complexity has not grown under his own guiding hand, he may fee! 
temporarily at a loss to know where to begin the attack uimn his prob¬ 
lem. His standard method of pi’ocodure is to take the simple, under¬ 
stand it thoroughly, and build up from it the complex, When ho 
cannot start with the simple, his natural desire would be to 
through the complex in the hope of finding the ample as the origin 
of it all in the background, as one migivt suppose a person, suddenly 
coining upon a television apparatus, seeking to peer through tlie com¬ 
plexity of operation down to those fundamentals which constituted 
the experiment of 40 years ago. Having found the fundamentals in 
this way, ho would like to watch the offspring of these fuiidotneiitals 
develop through themselves, their children, and their grendchildren, 
to the television set wliidi is before him. In tills way, he would^ feel 
that he could understand the oiieration of the set and be in a position 

to keep it in order and possibly improve it. 

However, when the complex is presented to the physicist, he is faced 
with aeveral difficulties. In the first place, the complex is apt to be 
made up of a heterogeneous mixture of methods and principles, some 
of dubious relevance and some even inconsistent. Or even, if irral- 
evanev and inconsistency are absent, the complexity of the situation 
may be such that it is very difficult, if not humanly impossible, to trace 
matters back to their fundamentals. One then has to deal with em¬ 
pirically discovcrwl laws w'hichone must believe to have their origin 
in more fundamental laws, allhough he may not be able to trace that 
origin. Such empirical laws are represented in iwrhaps their nearest 
approach to their fundamentals by the ordinary laws of stress and 
strain applicable in the theory of elasticity. In a vein farther re¬ 
moved from the fundamentals one has such empirical regulnriti^ as 
Imve dictated the general shape and method of construction of a violin. 

Tlie fact is that the solution of ft problem involves two parts, the 
fundamental laws which control all problems of tlie class studied, 
and the feRturta (boundary conditions) which determine the particu- 
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lar case in which we aro interested. Sometimes the contribution of 
the latter to the feat urns which interest us is simple and the problem 
is one for exact solution by the theoretical physicist. Sometimes the 
said contribution is complicated^ but important, and tlie solution be^ 
comes more the problem of him who applies approximate, or even 
rule-of-thumb, methods. 

THE DEVELOPMENT OF METHODS OF THOUGHT 

It IS of interest to inquire whether the fundomentats of thinking 
are necessarily very different today from what they were in past ages* 
Tn this connection, it is perhaps not without interest to transport one^ 
self in imagination to the time of Galileo and inquire ns to the nature 
of the thinking of those days* Galileo wrr>te a boob called Tijco New 
Sdencet, in which ho presents his ideas in the form of a supposed dis¬ 
cussion between three iuterlocutors, Salviati, who represents himsoll, 
Sagredo, and Simplicio* 

Again and again in these discourses we see the mind of Galileo 
doing the same kind of thinking that a good experimental physicist or, 
for tliat matter, a good mathematical physicist does in the laboratory 
today, and we cannot question Ihe fact that If Galileo, with all that 
he had and no more than he had 500 years ago, were planted in one 
of our lahoratories today, lie would be an outstanding physicist in the 
problems which are of interest to us today. 

In this general epoch, wo see the birth of Hooke’s law on the pro¬ 
portionality between stress and strain, and we see the accumulation 
of those fundamentals going back even to far earlier days, which 
constitute the basic principles upon which the present engineering 
science is based. However, I think it safe to say that, by and large, 
we must regard the pre-Newtonian era as one in which the laws avail¬ 
able, such as they were, were of an empirical kind, and even in the later 
epochs, extending almost to tlio present time, the fundament a] laws 
were empirical. The growth of tho power of mathematical physics, 
brought about by the invention of the calculus and by the develop¬ 
ments of Newton, Lagrange, and others, enabled mankind to exlract 
in richer form the more complete consequences of the empirical laws 
of hydrostatics, elasticity, dynamics, and so forth, and, indeocl, until 
the advent of the electrical age scientific attention was devoted largely 
to the unraveling of the consequences of such laws, It is true ttiftt in 
the field of optics there were primitive attempts at theories devised to 
give a richer content to such empiricttl laws as existed in that field. 
Sueh attempts, however, were guided largely by the ideas of elasticity 
and inertia characteristic of tho mechanical domain. 
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the searoi for reauty 

Tlie Rdvent of the electrical era, initiated primarily by Faraday, 
Henry, Ampere, Oersted, etc,, a little more thim 100 years ago, found 
its formal development in the work of Clark Maxwell. The man of 
science of the day was niechaiucally minded and Bought to understand 
all things in terms of the thoughts appropriate to elostio waves iu 
solids and fluids. Maxwell’s theory was an almost iiisunnountahle 
stuDihling block, inviting, as it did, concepts which were iiltiti-abstract 
in terms of the thinking of the day. The matter is illustrated by a 
comment in Sir Arthur Schuster’s The&i^ of Optm, written as late as 
1904-, and it roust be remembered that Schuster was one of tlio world s 
high priests of natural philosophy in that epoch. He writes: ‘‘Tlie 
study of physics niust be based on a knowledge of mechanics, and the 
problem of light will only bo solved when we have discovered the 
mechanical properties of the ether.” Writing in aooLlior place on 
Maxwell’s equations, he remarks: *^The fact that this evasive school of 
philosophy has received some countenance from the writings of 
Heinrich Hertz renders it all the more necessary that it should be 
treated seriously and resisted strenuously,” 

Tlio search for reality in which to frame die new thoughts born 
of electrodynamics jso jiersistent at thnt time has changed consider¬ 
ably in its aims as the years have rolled by. In my student and early 
teaching day's it w!is the custom, following the lead of Maxwell and 
his school, to seek an explanation of electrodynamic phenomena on 
purely dynamical bases. If we wanted to make somebody under¬ 
stand a circuit with self-induction, capacity, and resistance, we would 
refer to a ball vibrating in a viscous fluid at the end of a spring. 
We would say: “Now the self-induction in tliis circuit is like that 
mflug on the end of the spring. This capacity itself is like that spring. 
The electrical resistance of Uie wire is analogous to the viscosity of 
the liquid, and so fortli.” By thinking of the spring and ball, which 
we of the older generation felt we understood more or less, we en¬ 
deavored to accoinmodnto our thinking so us to understand the elec¬ 
trical piv}blGm. Today ail this appears to be changed. At an early 
age youngstere start to play with radios and to acquire quite a little 
knowlcdgo concerned with the essentials of tlieir operation. This 
fact has reversed the whole situation as regards reality in the mind 
of youth, and the youngister of today and tha older youngsters who 
are doing i^esearch in our laboratories seek to uudcrstatul dynajjitcs 
by showing that it is like electrodynamics. And if tlie youngster 
wishes to understand how a ball bobs up and down on the end of u 
spring when immersed in oil, he is apt to say; “Now, thie weight is 
just like that inductance. The spring is like the capacity, the vis- 
coGity of the fluid is like the I'esistance of the wire. Now, you know 
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tliat the electrical circuil; 'will oscillate; and in a aimilar kind of 
the ball and spring oscillate. You know that if the electrical circuit 
is stimulated by an esternaJ foiioe of frequency equal to its own, it 
will resonate and build up $ big amplitudo; and for exactly similar 
reasons, tho ball on the end of the spring builds up an amplitude 
when subjected to an external force which hnnuonizes with the ^stem 
in frequency. Thus, since you undei'stand all about tlio nature of 
the electrical oscillations of the circuit, you ought to be able to stim¬ 
ulate your brains to tho iwint of underatanding why and how a ball 
bobs up and down on the end of n spring in oil.'’ 

No longer docs tho engineer seek to understand his electrical prob¬ 
lems tlirough mechanical ones, but when he gets a mechanical problem, 
tile first thing he does is to seek tlie electrical analogue and think in 
terms of that—he seeks the equivalcjit electrical circuit. And so this 
concept, reality, is indeed like a chameleon, changing its color to 
harmonize with the sotting of its time. Ali 1 reality, what an olusiye 
thing it is and how its search has tormented mankind from time 
immemorial. Boality, that will-o’-the-wisp of philosophy! You may 
think you have it in your hand but find that you have merely the 
shadow of something else. You will pui'sxvo that something else; 
you will dutch it, and again it will feel real until you find that your 
consciousness of its touch is no more than the tingle of your own 
blood as your hands clasp upon it. Rejility is the most alluring of 
all courtesans, for she mokes herself what you w'ould have her at the 
niomcJit; but die is no rock on which to anchor your soul, for her 
substotioo is of the stuff of shadows; she has no existence outside 
your own dreams and is oft uo more than the reflection of your own 
thoughts shining upon the face of nature. 

The concepts which one is willing to accept into his category of 
thinking and to regard as natural ivitliout furtlier inquiry as to their 
origin change with the epoch, and today the average mathematical 
physicist at any rate encounters no obstacle in classical electro¬ 
dynamics. Indeed, he would be very content and feel that ho had a 
very understandable picture of nature if ull atomic phenomena could 
be brought into a picture in which classical oicctrodynamica was 
the only controller of that picture. Today, however, he finds him¬ 
self driven to new realms of abstraction in understanding the atom, 
if he had been forced into these realms 100 years ago, he probably 
would have given up and hnve felt that if he uero to have no further 
security in Oie matter of what I might call common-sense understand- 
ableuess, he might as well go back another couple of hundred years 
and join witli the forces of tho astrologors or the alchemists. How¬ 
ever, realizing what has happened to his mental accommodation in tlie 
post, first through Newtonian dynaiiij.c^~which was by no means a 
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concretely understandable matter in its day—througli electrodynamics, 
he is now more or less content to adapt himself to any new pbUosophj 
which fits the facta and he ia willing to forego too much desire for 
imderstandflbility in terms of liorso sense* 

THE ORIGIN OF PERIODS OF STAGNATION 

Perhaps I may here make a alight digression in relation to the 
general significance of scientific theories. The matter lias a bearing 
upon that cycle of depression in science in which, every now and 
again, we seem to come to the conclusion that everything worth while 
has been done and nothing remaina hut to cull over the old material. 
Wliat is the reason for this condition of affairsf I think tlie reason 
ia not far to seek- Wlien a new set of phenomena reveal themselvca, 
tliD man of science seeks to correlate these phenomena in the form of 
a theory- Sometimes in the formulation of the postiilates of the 
theory there are details which are artificial to him, there are starting 
points which seem unreal, so the theory is at first abstract and few 
understand it. To the la 3 “rnfln, in fact, some of the postulates of the 
theory may seem to be nonsense. However, the working purpose of 
the theory is not primarily to give pictorial satisfaction to the lay 
mind, but rather to correlate the phenomena which it concerns. The 
Eheoiy is a means by which, through the process of saying few 
things, wc may deduce many as a consequence* Having molded the 
theory so as to comprehend all the newly discovered phenomena, the 
tJicory of itself starts to predict other phenomeiia; and it is well 
worth while to look for these phenomena. And so there comes a 
period in which scienca devotes itself to verifying the predictions 
of the theory and tracing its consequences to their limit. In the olden 
days, this took a long time. In modem timejj it has taken increas¬ 
ingly shorter and shorter periods;, os the would-be Pb. D/a and their 
mentors stalk around like roaring Hons seeking BOmething to measure. 
In any ease, before very long everything that the theory suggests ns 
an object of measurement has been measured and every phenomenon 
which it has predicted ha^ been found, if it is a good theory. By 
this time, the theory has acquired a good deal of prestige. It 
has bee n responsible for suggest! ng many new dLscoveries. Tliosc pos¬ 
tulates and premises in the theory which were a little repugnant to us 
in tlie beginning have become more natural and reasonable in otir 
eyes. They sit well in the realm peopled by the interesting phenom¬ 
ena they have brought into it. They, the nonsense of yesterday, have 
become the common sense of today. And now, the theory, having 
grown old ill a useful life, becomes rather like a conventional old 
gentleman who, radical in hts youth, has become conservative with 
age, who now hates to see anything other than what he has been 
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accustomed to, and ^ho is able to e3:ert great influence by virtue ol 
tlie respect in which he is held through his good deeds of the pa^ 
Radical in his youth, Jie has become extremely conservative in his 
own radicalnesa. The old theory, having in its active youth exhausted 
all its potentialities in saying: “Do this, and thou shalt tind that,’ 
now Starts to adopt a negative attitude in saying: is not worth 

while to do such ond such, because it is guaranteed beforehand that 
you will find nothing if you do.” “To find anything,*’ says the old 
theory, “would constitute nonsense in my creed, and would be very 
humiliating to me. It would be contrary to common sense, the new 
common sense of my era.” And so the old theory now becomes as 
declamatic in saying that certain things are impossible, as l»foro 
it WAS declamatic in holding that other tilings must occor.^ It is for 
this reason that ill tlie nutunni of the life of some far-reaching theory 
of physical phenomena, science seems to liave come to an eud. T^e 
phenomena divide theniselves into two categories: first, those wliich 
are known or are such obvious consequences of the known facts, or of 
the theory correlating them, that it does not seem ivorth while to 
investigate tiiem further; and secondly, those which look os though 
tliev are probably embraced by ttie theory but in a form besot with such 
complications of calculations os would render the dissection of their 
whole story beyond the power of mari. As a result of this, there seems 
nothing more to do; research seems to have come to an end and 
science to be dead. Then some irrepressible individual discovers 
a phenomenon which goes violently contrary to the theory. After 
due castigation by the old gentlemen, in the form of the devotees 
of the theory, the results of the young upstart are confirmed by others 
and have to be accepted. The thoory must then bo remolded or 
possibly completely rebuilt so as to include the new facts. In this 
rebuilt theory, much that before seemed impossible is now rendered 
likely. Suggestions which would have been dismissed as jiupossiblo 
with the briefest thought in the light of the old theory, have a 
reasonablo place in the realm of possibilities of tlie new theory. And 
again common sense grumbles at having to readjust itself to a new 
form. In his proper domain, common sense is a counselor of price¬ 
less value; and it is because he justly inspires such confidence in that 
domain tliat he becomes the most dangerous of deceivers of those who 
seek his guidance outside of it. For “oommoa sense” seeks to pin 
111 ! thoughts of the new to the fabric of the old, and so, oftiimes, it 
distorts the meaning of the new by destroying that form which was 
inherent In its own right, and for no purpose other than to 0t it to a 
pattern in which it bos no place. The result is a bizarre and shapeless 
tbifig out of harmony with the form into which it has been forced, 
and out of harmony with the form which was its own. Common 
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sATisA in pjhtuial pliilosophy repattcrns itself from age to age. At 
eaah stage of its dflvelopment it seeks to generalize the ideas bom of 
the experience of tbe tnunediate past and to weld them into bonds 
which sometimes restrain the future, Thus, the breeders of error in 
the epoch to come are sometimes tlie truths of the days which haro 
gone. So beware how you e.'itol too mudi the virUiee of got^ old 
horse sense, for I fear that, in the lust analysis, horse sense is the 
kind of sense that a horse has. 

I tliink with some regret of many cxpcrimentH which in my youth 
occurred to me as worthy of being tried, but which on further medita¬ 
tion I failed to perform because in terms of common sense, as exempli¬ 
fied by the theories of the day, they seemed destined to give trivial 
results. Sometimes I wish that 1 had not thought so much and had 
done the exiierimenta in any case, for in later years many of these ex- 
perimenta have been done and have given results of value, results which 
are harmonious in the frame of thought of today, however strange 
tliey would have appeared in the light of our concepts of 40 years ago. 
If a proposed eiperimeut lies far withiu the boundaries of established 
facts and theories and would, according to their diagnosis, give a 
perfectly clcar-cut result, I do not deem it worth while to do the 
experiment. If someone comes with a scheme for perpetual motion 
involving the utilization of ordinary machinery and the like, I give 
him but little attention. If he claims that, since the experiment has 
never been done, one cannot predict with surety wliat result it would 
give, I have to agree with him, as 1 would also agree with him if he 
claimed that the sun might not rise tomorrow morning, 1 then 
answer to tlie effoct that while no one can predict the result of an 
untried experimeut, the of hia perpetual motion experiment 

giving a valuable result is, in ray judgment, so Email that we should 
not be justified in discontinuing the other experiments which we are 
doing in its favor. If, however, I am confronted with an experiment 
which lies near the horizon between the known and the unknown, 
I prefer to give it the beuefit of the doubt; for it is such boundary 
dwellers as these that establish connection with the knowledge of to¬ 
day and that of tomorrow. 

EMPmiCISM 

And now perhaps it will be well if 1 get back to what is supposed 
to be tire ranin theme of this discourse, the relation of engineering 
to physics. 

In speaking of the empiricism I have perhaps impUed that today 
we have something better than cmpiricisuL In the last analysis, this 
is not true. All our laws of nature are empirical. However, the 
deaira of the theoretical physicist is to limit empiricism in the sense 
that from the fewest number of empirical starting points he can 
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deduce tlie richest ]aw cod tent. His aim is to Ube what was formerly 
half a dozen apparently unrelated en^pirical statements and represent 
them nil as a consequence of perhaps two empirical statements. 

It is perlinps well, in this connection, to recognize two degrees of 
empiricism. There is the empiricism characteristic of the situation 
up to and including atomic processes, and there is the empiricism of 
the correlation of the atomic processes themselTes, which second form 
of empiricism most physicists would not be willing to count as empiri¬ 
cism flt all, but as a getting down to the last elements of understanding. 

Taking the first realm of empiricism, however, the complete story 
of the content of a low is, as I have remarked, contained in matliemati- 
cal form, which it is not easy to simplify to a form applicable to all 
cases. However, the practical need of getting matters down to a 
degree which enables a large number of people to use the principle 
results in seeking some kind of simplification which is sufficient to 
cover a fairly wide realm of practical espericnce. Here the laboratory 
man or the practical engineer takes hold, and after a time his intuitions 
become sliarjjened so tliat he adopts o kind of thinking which simulates 
a more exact frame of thinking but is, as it were, a self-contained set 
oflawBofiteown. Onelmsanexanipleofthisinmatterspertainingto 
electrical circuits where, provided that the wavelength of any oscilla¬ 
tions concerned in the circuits is long compared with the dimensions 
of tlie circuit, we can think in terms of a certain type of simplification. 
There grow the concepts of capacity, inductance, impedance, to which 
tho practical engineer, stimulated perhaiis by rivalry with tlie medical 
profession, feels the urge to add another number of Godforsaken words, 
such as admittance, transoonductunce, etc. In this comiection, I have 
thought of a new term, “abuttanca.” Although this may seem like tlie 
doctor’s discovery of a “cure” for wUicIi there is no disease, I present 
it to the ratllo engineers in the hope tlmt they will find a meaning for it. 

In terms of the simplified laws, the practical man proceeds to manip¬ 
ulate these various quAiititics and to become very clever at predicting 
what will hap|>en in this case and in that. (>tu;aaionully, however, 
situations arise in which the simplified laws no longer arc adequate. 
The practical man does soniediing about this by making some kind of 
collection as far as possible b the language of his old formulation. 
As knowledge advances, however, more and moia of such coses arise 
and the patches on the patched-up framework become more obvious 
than the framework Itself. 

And now, superposed upon all tiiat I have spoken of so far, which 
has concerned itself for tlie most part with what we may call the 
classical physics of matter in bulk, we have, in the last few years, 
encountered a realm in which the fundamentals of physics ara no 
longer diluted so os to show their effects only us averaged quantities 
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as tcmpei’atiircs—fts prcssui'iKj—os elasticity ^ etc. The ndvent of elec- 
ti-onic physics has hmiifflit us down to the pmperties of the atomic 
particles thejnselvcs. In the pliotoelect ric cell, in the pliotomuUiplier, 
jti the radio vacuum tube, and a doiien similar devices, the iiiatteis 
which dcteriuiiie successful opcnitiori are tilings which caji be under¬ 
stood only in terms of the fundamental pi'ocesses of nature or, at any 
I'Hte. 1 think it would be safe to say that it is not much more difEcult 
to underatand them in these terms than to uiideriitand them in terms 
of some artificial scheme of siraplification devised because one has 
learned to exi>ect simplification in the i>aBt and to liope for it in the 
future. 

And then, an the realms of empiricism in the ordinarj- properties of 
iimUer have become exhausted, the Jiew realms of enlightenment fol¬ 
lowing onr modern picture of the structure of solids have tempted us 
to hope tlittt, even here, the barrier <if knowledge need Jiol he fi-xeti by 
the laws of empiricism or, if we like, by an extrapolation of the past, 
but ratiler hy the possibility of pretlictiori in relation to what we know 
fram the atomicstructure of matter itself. 

It is a matter of great im[K>rlance to understand what governs tlie 
strength of materials, wliat governs tlie dependence of this strength 
upon temijerature, particularly in the light of modern requirements 
in iiigh temjwi-ai u re ope rut ion such as i s encountered i n t urbi nes. The 
atonuc picture is very illuminating in tins field andean, ju many cases, 
point the way to success, whereas to achieve that success by what we 
may cull the Edisoiiian method of multitudinous trials would involve 
untold exjienditure of time and effort. \Vc have not reached the stage 
at which we can design substances of any desiretl cliaracteristio, but 
wo have reached the stage at which our knowledge of atomic physics 
provides iis with very good hunches as to coiirs«i of procedure whicli 
have a good clianoe of being successful- Of course, one of tiie most 
Bliectucular of all such predictions is that involved in the act of man 
in creating an entirely new element, pliitoiiium, in connection with 
his work on atomic energy. 

Now, in oiaier to manipulate atomic [irofierties successfully, it is 
necessaiy to think in terms of atomic laws, and such laws are rather 
anificiai to the thinking of the conventional raetuIlutTifiat. However, 
in the bust analysis, they are really no more artificial than tlie laws 
w’ilh which he bus become fujniliar. It is for the future to season the 
younger generation with a broader sensitivity to tlie forms of natures 
laws, so that be may not, forever, stay with liis feei bound in the nnid 
of classical antiquity of which he has alieady exhausted most of the 
good essence. It Is necessary to bring him to a stage w'liere he is not 
limited to looking at the new fields from afar but is enabled to walk 
in them with confidence, mid pluck such good fruit as comes his way. 
eseaso—S3 — is 
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Man’s Synthetic Future ‘ 


By RoceR Apams 

fiepattmtnt 0/ Unittr$ilJ of lUiwii 


TffE PRESEXT t'XCKicTAixTiES fncing' tlifl pEoples pf Uic world, and 
the discoveries iu science clnring^ the past few decadea, have 

stimulaled many to ]>ro{p>osticate about the future. JTumerious and 
various foiv^asts have been made as to imtiotial groupings, forms of 
government, celestial transportation, sources of food, new building 
materials, and modes of Jiving, Some predict comnximisation of the 
world, others that there will be internal revolutions against comnxu- 
nism and fascism, bringing about the return of freedom of speech and 
action to all people. 

William J, Hale forecast the gradual regi-onpings of nations into 
four units, each of which would embrace peoples of more or less the 
same biological traits, but wliicb would not be influenced by common 
languages and customs. The groupings w'ould bo based on physical, 
chemical, and biological considerations in areas which never lack self- 
sufficiency of any type. The smaller nations, technologically unsuited 
to a future in a strictly chemical world, would have to l>e grouped 
with the greater powers, which through two centuries have shown an 
innato ability to advance against, all opposition. 

The line may not yet be forming for the first trip to the planets, 
hut the Hayden Planetarium of tlie American Museum of Katural 
History is accepting reservations for the first interplanetary flights. 
The rough timetable assames rocket ships that will reach the moon in 
hours. Mars in 75 days,and Jupiter in 666 days. This may lead to 
new terms in timetables when a trip is almost two years in duration. 
The dining compartments will necessarily be enormous in size, oven 
if food concentrates arc used, and even if it be assumed that people 
will require less food under gravity-fiiee conditions. Perhaps there 
will be celestially anchored hot-dog stands along the way. 

Some rocket engineers have boldly predicted 5 |^oe flights within 
the next decade. Many, many decades seem more likely before rocket 

^ B4iB4 qn tt» mJarw tll^ prw[*rtit, 4 «liTtrMl at tbq mavuil qif<tinr tt* 

Atnerlfiiia AsMclAtlqn f*¥ tbt A4THi«nieOt af SdsiaCT, DtCtmbtr 3&. IHSI. 
p'lu fieprlutqd bjr ppniilaii frn frolb Scl*n«r "rtL ItB. Nq. 2VS]r Fitrewry IBd I&aS- 
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ships will be built that will aceelemte to the 25,000 miles per hour 
rsMjuired to escape from the efirth'B grjivity. SloneoTer, it is still to 
bfs determined w hat will happen to body fonetionB under ^jraTity-free 
conditions, and how human beings may be protected in an osygenized, 
pressurised ship when the body has no weight and one can lift a 
sledge hammer quite as easily as a pencil. Tliese illusions are no 
more astounding in our day than those of one hundred years ago 
when, in John T. Trowbridge^s Darht^ &reen find J7k Machmef 

DarluR was rl&arly iif the opltiloa 

That the aSr ifi aSiMj nina'a dominion^ 

and J. H. Yates w rote, 

I have sccD a> much on. my j^llgrlmesei^ ihTOORh my ihree-swre yea re and tea 
Tiuit I wnjhld't l» fitarprls^ Koseen rRllFORd in the nir. 

Or El Yankee la n fly in' sihlp niEiat anyivliere. 

Predictions of this sort do not fall within the purview of the 
cheiivist, but there is a mpidly git)wing number of science-fiction 
writers who aitcmiting fanciful plots that may someday come trne. 

Jly remarks wdll lie based on projecting the dtemical dtscoveries of 
the pjtst to logiCEil achievements in tlie futore. One huiidrc<l years 
ago al! materials used by man were derived diiiectly from natural 
t'onrees—pjants, animals, and minerals. The chemist has* tiir[)ngli the 
past six decades, so perfected his knowledge of the iidriaicies of 
molecules through physical and chemical umthods that he is now 
able to determi 111 ^ the patterns in wdiich the atoms are combined ih 
nature’s substances* Indeed he is able to assemble atoms according to 
hie ow'h design and thus produce ninny of these same substances by 
syntliefciis. Moreover, he has discovered how to create new, better, and 
cheaper compounds based on a knowle<lge of natural products. 

One of the first industries traiisformiHl by chemistry was dye manu¬ 
facturings an industry that h now 9f) percent synlheUe. In a second 
field, drugs and mediciuals ai'c over 75 perce^nt of syiithetio origin. 
Xaturnl gums and resins at present account for only 5 percent of the 
2*3 million pounds of plaslicii produceti Jji the Unite<l States last year. 
More than half the 500 million gallony of paint used annually are 
based on sjmthetic products. Over 50 percent of today's nibber is 
synthetic, and over 2U percent of the textiles. The lieUl of synthetic 
detergents has Imd a phenomenal growth, until nior« than one bil¬ 
lion pounds are produced anuiially. This figure is still well below 
the amount of soap consumed. 

During AVorld War T we became conscious of shortages of mw and 
finished materials* ejspecially chemicals; of ^ihorioges of eertain fmnh 
and of the necessity for substitutes. During M^orld Wnr 1J, and nnw' 
during the iTarmament period, tlie shortages ai'e primarilv in nnv 
material We nonnally consider that tlw TJnited States has abundant 
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retirees, yet the GoFermueat lists 167 strategic itenia Giat must be 
impoited. Stoc:kpiling by the Geverniiient of material essential to 
both war and peace^ but not indigenous to the United States or found 
here in less than the required c^uimtitles, ha^ resulted in artiBcial price 
increases. 

Let us consider for a Jiioinent our ininera] supplies. The moat 
widely dif^tributed nieUtls nre iroDj aluminum^ magnesium, and ti¬ 
tanium. They are available in amounts suflieient to supply tlie world's 
needs for liiindreds of years. Alumimiui and its alloys will continue 
to replace steel and other metals in even larger measure than in recent 
year^. Jlagneaium, a very light metal, has fouml many uses, espe¬ 
cially in alloys, but certain of its properties w'ould appear to limit it& 
extensive industrial application. Titanium, about wliich much has 
been henrd in recent moullis, is fourtli in abundance of all metals, and 
its ores are ^videspread over the world. It is truly the metal with an 
attractive future. Only half bs heavy as steel, it is, in a pure state, 
ductile, very sigrnficantly heat- and cheinical-resistant, and readily 
forms valuable alloys. It doe-S not corrode oven in sea w^ater. For 
]Ct engines it is idcaL Its applications would be esceedingly nunnerous 
wei'C it. not for the co«t. Titimiuin dioxide, a common derivative, 
which can be obtained readily from tlic native ore, is familiar as a 
superior white pigment for outdoor hoitse paints and in finely divided 
form as a delustrant for rayon and nylon p The cheap pit>duetion of 
pure titanium metal, however, has bafhed the ellorts of chemists and 
metallurgists for years. The annual supply of the metal has been only 
li few Ivumlred tons, and it has sold at a price of to $20 or more 
[jer pound, thus resiricting it& use to items where properties are all 
ijiiportant oinl cost is o small factor. But now the Government is 
supporting the const ruction of plants that will provide on annual 
production of sevei'al thousand tons to be used primarily for militiu'y 
purposes. The cost of production, even on Uie lorigcr scale contem¬ 
plated, is likely to bring the price down to not less than $6-00 a pound, 
a figure much too higli for general industrial application. One of 
the liveliest chemical probkin^ today is tlie attempt to discover a 
cheaper wny of obkining pure titanium metal from its ores. When 
solved, several of the metals now^ considered so essential for certain 
steels and alloys will be in less demand. 

Proved mineral deposits of all ores of less common metuis, such as 
copper, lead, zinc, mangativse, chromium, tungsten, tin, and others, 
would appear to have a lindte<l life. Tliere is, lioivever, still much 
territory on eartli Unit has not been pros^iected, and there still exists 
tile poasihUity of mineral deposits being found deep iu the earth or 
under hike^ and scuSp it has been reported lliat under the lakes in 
central Finland rich bodies of ore have recently been discovered. Per- 
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haps the future supplies are under water or in tbe frozen re^gions of 
the Poles. 

There is a fantastically large source of chemicals hardly touched at 
present in sea water. The amounts of chemicals in sea water have 
from time to time been published, but I venture to repeat thewL A 
cubic mile of sea water contains 143,000.000 tons of sodium chloridej 
more than 300,000 tons of bromine, and over 5,000,000 tons of mag¬ 
nesium. A host of other metals are present in lesser amounts. When 
it is considered that thei>e are over 300,000,000 cubic miles of sea w'ater, 
the potential supply of metals and salts is staggering. At present, 
sea winter ia a source of salt in some countries and an economic source 
of uiagnasium and bromine in the United States. The future chemist 
arid engineer will discover a practical method of recoveiiiig many of 
the other minerals for commercial use. Paraphrasing Longfellow— 

Wonld'Bt tnoD, Ro the chemist aaeFtlcnedg 
U^arh tbt- K$cret of the seas? 

Only lh^ree who'he trained In t^clence 
Divine the p<kBaibmtLE^s. 

The use of petroleum and naturii] gas for fuels* and more recently 
as raw materials for strategic organic chemicals, has been stupendous. 
During the past 25 years* the consumption of petroleum lias increased, 
on tlie average, 4 percent a year, ojid of natural gas 10 percent a year. 
The present demand for petroleum has reached a level of 2 billion 
barrels a year. The demand for natural gas is T billion cubic feet an¬ 
nually, 10 percent of which is consumed in the chemiest industry- 

As of January 1951, proved reserves of petroleum liad been estab¬ 
lished which* on the basis of present annual c^onsu nipt ion-, would last 
for 15 years and those of natural gas 26 to 2T ypat^. More siguidcAnt, 
however, is the fact that in spite of the continuous increa^d consump¬ 
tion of these products the 1951 reserves substantially exceeded those 
of 1950. Exhaustion of supplies has been predicted periodically for 
three decades, but still new reserves continue to be discovered, ah 
though with greater dilHculty and at increased expense. Even if the 
supply in the United States decreaBOS more rapidly than elsewhere, the 
reserves in foreign lands will Iw adequate for a longtime. From 1859 
to 1951, almost, a century, about 41 billion barrels of oil Iiavc been pro¬ 
duced . A11 this woul d not f il 1 a space 1.6 cubic miles in volume. This 
is insigtiificant in relation to the total volume of oil likely still to be 
found in the world. 

But even when the petroleum is eslmusted^ huge reserves of coal, 
oil shale, and lignite are available. By appropriate processing, the 
study of which is well advanced if not yet perfected^ these may be con¬ 
verted into gasoline and related products. On the basis of present 
consumption, coal, oil shale, and lignite reserves ivould last TOO or 800 
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years, but allowing for difficulties of recovery and for increased de¬ 
mand it would appear conservative to estimate they will last for at 
least 200 to 800 years. I am willing^ to prophesy that when the time 
of exhaustion arrives scientists will have found substitutes. 

Petroleum, originally a source merely of kerosene, then of gasoline 
and lubricating oil^ has become, along with natural guSi the raw ma¬ 
terial for a host of aliphatic and aromatic chemicals upon which many 
of our chemical industries are founded. Tite magnitude can be real¬ 
ized best by citing that 1.25 billion pounds of butadiene, obtained by an 
appropriate cracking process from petroleum, are used annually for 
825,000 tons of synthetic rubber. From 3^^ billion pounds of ethy¬ 
lene, propylene, buU lene, and isobutylene, 16 billion pounds of deriv¬ 
atives are made each year* Just a decade or two ago the chemical 
industry relied upon coal tar, the volatile liquids obtained when coal 
is coked, for many of its raw niaferialsH But with increased use of 
petroleum for power, and of natural gas for heating, lesa coal 13 being 
coked and the supply of ehemieals from the coal tar is mnch smaller 
than tlie deniaud. Industry has now turned to petroleum for a sub¬ 
stantial proportion of its chemicals for the ^ntliesis of dyes, drugs, 
plastics, and fibers. 

Kapid mechanization has made search for substances to produce 
energy as well as heat one of our pritue ohjectives^ A hundred 
years ago, it was wood, and now fossil fuels have the attention of 
ft multitude of technologists. It is difficult to conceive of modern 
life witJiout power and heat. In spite of the discovery from year 
to year of more reserves of energy-containing materials, the time 
before these are exhausted is at most a matter of a few' hnndred years 
and then a new source of energ}' must be available. 

A perpetual supply of energj' comes from the sun. How vast it 
is compared to the energy-supp lying mater ink on earth nmy be 
realized by a eomparison presented in an article by Eugene Ayres. 
Suppose that all the coal, lignite, peat, tar sands, crude petroleum, 
natural gas, and oil shale that we are likely to produce in the future 
on the basis of the most optimistic estimates w'ere collected. Suppose 
that all the timber of the world were cut into cord wood, iloreover. 
suppose that all the uranium and thorium that are likely ever to be 
discovered were purified and made ready for nuclear fiEsion. Sup¬ 
pose now' that this fuel were distributed over the face of the earth, 
that the sun were suddenly extinguished, and that tlic fuel were 
ignited to give energy at the rate at which w'o are accustomed to 
receive it from the sun—^the combustible fuel would be gone in three 
da]rs. Nuclear reactions would last a few hours. The energj' that 
actuady reaches the earth from the snn is over 80,000 times that 
of all the fuel and w ater power now used- There is absolutely nothing 
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thftt can be ii competitor of I lie sun. It is fortunate that we eliall 
continue to have plenty of solnr energj'j whicUj directly or indirectly, 
serves to keeii the world an attractive iihuT in which to live. 

Of the unmtiti land ve^ftatlon, only 14 percent is consuuted as 
food, fuelj lutiiber, paper, and eltemicaK The balance of 86 percent 
is returned to the earth to niEtiiitaiu essential biological balance. \\ itii 
our ever-increiisiiig populntion, it is doubt ful whether the fuel use 
of vegetation cah increased to any very grejtt extent. 

iSooner or later the imuchaustiblc siupply of energy from the sun 
will be used to supplement, or in large measure to replace, energy- 
containing materials on eartln Only limited progress has so far 
been made. Of the scienti.djf" npproiidies for collecting the sun's 
energy several have shown some promise. A popular study has been 
that of the singk-celled alga Chl^s^reJlit p^renoid^^a. This plant mub 
liplies at a rate that ap[ieiirs to be limit^ only by tlio carbon dioxide 
content of tlie water. Ctirlmn dioxide in the air amounts to O.Cft 
percent. It has been found tliat nlgae in pans of w ater 6 inches deep 
are capable of absorbing np to 2 percent of the total solar energy' 
falling on a given area as comptiml with less thiin Od percent for 
avemge ugriculture. A yield of 15 diy tons per acre has been 
realized, which is nearly five times that of the. Isest hind growth^ 
and scientists believe that this yield can be ti'eblcd. The Carnegie 
Institution has recently reported what is clainieil to Ixs the first, large- 
scale experimentii with IVhetiier these algae may be used 

directly for cattle or human food* or whether they mai^ be converted 
more profitably into chemicals or fuel is a problem for the future* 
To provide 1 billion barrels of motor fuel fnim algne would require 
an area of 35,000 square miles, assuming 35 dry tons of ulgae per acre 
could he obtained* 

Photosynthesis, the process by which all vegetation 3s created, is 
not well understood. In essence, the plant converts the low’-euergy 
compounds, carbon dioxide and water, to carbohydrate and oxygen 
in the pteisence of chlorophyll. Attempts have been made to replace 
chlorophyll by synthetic tlyca and inorganic chemicals. It has been 
reported that from certain ex|wrimenbi an aumuut of energy Js ab- 
s^jrbed equivalent to thaJ al)Sorbctl in tlie presence of chlorophyll. 

The use of glass, sometimira with reflectors, to collect the heat from 
the sun shows promise of becoming practical. Energy absorption 
seven times as efficient as the most optimistic agricidturEil proposals 
has been claimed. Apparatus is now iu use for the heating of water 
by the sun. 

Phosphors are chemicals that absorb rudiunt energy and radiate it 
after a certain length of time. Such chemicals might bo employed to 
nbsorb energy from the sun during the day and for illmiiinatiug pur- 
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poses lit uiglit. Even tliougli inefficient in this process of absorption 
jiful emission, llie aiiiount of iliesun’s iivailiible cneigj’ is ^ giTiit that 
this pi-oceililt'o is not beyond lUe realm of practicul possibility. 

Neiv sources of energy, however iiuiwrtuiU tliey may be, are not an 
immedinte problem but one for future generations of chemists and ei> 
gjneei's. With our present adequate raw materials, let ns esplore 
what discoveries may be exjiectert. “Synthetic polymers” is a term 
used by the chemist for the giant molecules he bus leai'iictl Uow to 
manufacture from very simple ones. Such ijolymeis possess very 
different tdiysical proiwrties and i-elalively inert citetnicai properti^ 
compared to the substances from which they are derived* Syntlietic 
rubber, plastics, resins, and libers fall into this category. 

Today’s synthetic rubber is the equivalent of natural rubber when 
fabricated into tires for pmssenger automobiles. Many iiuprovements 
in the processing of synthetic rubber for tires have been made in the 
past decade, the most interesting of which lias been recent—the in^ 
eori)uration of a substantial amount of petroleum in the mix, Tlie 
resulting tires are claimed to have no inferior qualities, and some 
superior ones, to those tliat are oil-free. Moreover, they can be made 
more cheaply, and ii substmitial amount of raw rubber is cotiserved, 
A synthetic nibU»r suitable for heavy-duty tires on trucks, busses, 
and olher large vehicles has yet to be found. Present syntlietic rub- 
her tires when used for this puriiose are susceptiblo to a heat build-up 
that leads to escessive degradation, Tlie eventual discovery of a 
syntlietic rubber for this [lurpose is merely a matter of time. More¬ 
over, eiieciul rublicra, capable of wit list a tiding the cold of the Arctic 
and the heat of the equatorial desert regions without losing the re¬ 
quired elasticity, and those which are oil-resistiint aiul suited for low- 
tem]}Cfature utUiaatiun, will be added to the list. 

Dozens of various kinds of plastics are now sold commercially* 
These vary from the clear and tniosparent, especially suitable for 
ornamental pur[X)se3or for airplane winddiields, to very tough, chem¬ 
ical- mid heat-reaiatuiil plastics for use as gaskets in cliemical opera¬ 
tions involving t:orrosiTe materials. There ore i^sins and plustijs 
for parts of chemical eif[Uipiuent; for coatings of wire to be lisetl in 
tlie construction of small motors opreting at high temperatures to 
tiroduce the iiower of an ordinary larger motor; for the waterproofing 
of fabrics; for fmishes of wood, inetaht, mid even sstoneware. Pliurtics 
are available for all types of bristlea, and others are suitable for re- 
pluceiiient of metals even where strength is a primary factor. The 
future will see transparent, plastics that will not discolor and with 
surfaces that will not craze or scriitch readily; finishes for wood and 
metala that will remain durable for long periwls of time in tJie 
pi-cseiice of sunlight and salt air; and Ilexible, waterproof and mois- 
tureproof film of any desired strengtli. 
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Cotton, silk, and wool Imve been the libers used almost exclusively 
for fabrics until n fevr decades ago. Ra 3 'on and acetate silk were 
then introduced. These are both chemical modificntions of cellulose, 
derit^ed usually from cotton or wood. In spite of the fact that they 
tack many of the desirable properties of the natural fibers, ]>articU' 
larly wet-strength and recoverability of the original aha))e upon 
drying, these fibers have been widely accepted and hai*e supplemented 
or in part replaced cotton und silk. Acetate fabric possesses a lux^ 
urious “feel” and drapes in soft, lustrous folds. Acetate blends re¬ 
markably ivell with other fibers. Just recently it has been announced 
that u rayon has been made in w'hich the basic structure has been 
so modified that the resulting product has the wet-strength exhibited 
by naturul fibers, if tliis is authentic, one of the greatest steps for¬ 
ward in rayon manufacture since its inception will hare been achieved. 

About 15 years ago nylon, a strictly' synthetic fiber, made by com¬ 
bining very simple tiioleculcs into a complex one simitar to those 
nature furnishes us, made its appearance, (^liefiy because of its 
rapid-drying properties, its dumbility, and its resistance to fungi 
and insects, it has found nniiiy’ applications for which natiiral fibers 
are not suitable. Natural silk, for which nylon is a substitute, has 
never recovered its prewar status. I’be brilliant researches in Japan 
extending over a (lerjotl of 40 years, when the silkworm was nurtured 
and [lampered until he produced an egg-shatted instead of peanut- 
sliaped cocoon with a filament twice as long os formerly and of double 
strength, will be of no avail by the time the synthetic chemist has 
had a decade or more of additional experience. The uses lor nylon 
have become so numerous that the demand cannot be met by pr^nt 
production facilities. Newer synthetic fibers have appeared on the 
market—for example, Orion, Acrilaii, Dynel, which resemble on* 
anotlier somewhat in pioperties and are nil bused on the same simple 
chemical, acrylonitrile. These fabrics are utilized particularly for 
sent covets, curtains, and filter cloths in industry. They are also 
suitable in the apparel field because of their smart apjwarnnce, long 
wear, and easy laundering. Still another synthetic fiber is Dacron, 
whicli resists wrinkling, water, and wotlis as does no o( her fiber. Suits 
made of Ducron go through roinstorms without losing their crease 
and can be cleaned with soap and water without losing the original 
shape after drying. 

Rapid drying is effected because the threads do not absorb water 
and dtying consists merely in the evaporation of surface moisture. 
But this nonabsorption of moisture leads to a certain amount of dis¬ 
comfort, particularly in hot weather. Consequently, closely woven 
fabrics for shirts and undergarments have in large measure been re¬ 
placed by those with a sheer or open weave. To find a fiber tlmt will 
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diy rapidly and at the fistno time permit moisture to penetrate is 
asking more than the ciiemist is likely to discover, since they are two 
incompatible properties. But these synthetic fibers must be improved 
in other ways, or new fibers found which have the desired properties, 
before natural Ubers will be extensively replaced. The present syn¬ 
thetic fibers do not take dyes as effectively as natural fibers, and up 
to the present it has been iiii]>Qssible to mnmifacture fabrics w'Lth the 
attractive colors so frcKjiiently found in silk and wool. Synthetic 
fibers also have the annoying property of melting or changing color 
if the pressing iron is too hot. The “feel” of synthetic textiles has 
been improved, hnt the resiliency of wool or the warm, soft “feel” 
of silk has not yet been duplicated in the synthetics. When, however, 
synthetic fibers are Wended with wool or rayon in various projjort ions, 
fabrics with many of the desirable pro[ierties of each of the 
components have been obtained. 

Certain representatives of the jretroleum industry, when called upon 
to make s^Jeeches in foreign lands on tlie progress of petroleum chem¬ 
istry, have demonstrated the achievements by clothing themselves 
completely—suit, necktie, shirt, underclothing, and sock.<i—with syn¬ 
thetic libers, the primary chemicals for which are all derived from 
petroleum. For any traveler in foreign laiicis, the convenience of 
synthetic-fiber wearing apparel is sni>erlativc, 

T predict the discovery of synflietic fibers which the public will pre¬ 
fer for most purposes to the natural fibers. An oHicial of the wool 
industry made a statement- recently that the dematid for wool as a 
fabric will never be replacerl. These words were spoken by one com¬ 
pletely ntifamiliar with the potentialities of chemical rcsenrcli. <Tiist 
as the aiitomiobile replaced the wagon, synthetic fibers will replace the 
natural fibers. Half the wool now consumed in the Fnited States 
will be replaced by synthetic fibers within 10 to SO years, the time being 
dependent primarily on the restrictions which industry encounters in 
materials and money for plant oonsiruction. Synthetic fibers to re¬ 
place cotton will also be discovered; these will be strong, durable, and 
moisture-absorbing, thus making them suitable and comfortable for 
wearing apparel. They will not, however, be rapid-drying. 

The plastics to replace cotton will also serve to replace natural 
leather for shoe uppers. For years excellent leather substitutes, 
especially for seal coverings and bookbindiTig, have been available 
but not for shoes, ^’^atural leather permits moisture to penetrate, 
end the feet remain dn' except when St is unusually hot. The present 
artificial leathers do not have this property. As a consequence, when 
shoes of this material are worn the feet become moist and uncomfort¬ 
able. With durable, moisture-absorbing plastics, the problem of 
^Tithetic shoe uppers will be solved. 
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Plant life is essentiul to liumuit existence, and the chemist will con- 
tribute much in this ibid. By well-known processes of selection and 
])lant breeding, tiie agriculturist has succeeded, during the 40 years 
that soybeans have been grown in this countryt in increasing the oil 
content from 16 or 17 [wreent to 21 or 22 percent. Hybrid seed corn, 
which is now widely used by farmers, results in an increase in crop 
yield sometimes as liigli as SO peiTent., essentially without any addi¬ 
tional requirements in the soil. The inference from these aebieve- 
ments is that proper chemical treatment of plants could result in 
funda mental modi Heat ion of titeir metabolism. By standard agri- 
cttUurnl development methods the future will see food oro|>s in which 
the ai2e of the plant is dwarfed and the fruit, kernels, or ears of corn 
are of greater size. In this way, more plants can he grown in a given 
area and the subsequent crop will l>e larger. 

Another means of providing a greater crop from a given acreage is 
by plant-growth stimulardo—chemicals that accelerate the growth and 
mattiration of plants. Several are known, and chemists will discover 
new and better ones, with tlie eventual result that two crops of the 
same or different plaittsinuy be grown during the normal stmson where 
now only one crop is {to^ible. Perhaps during these experiments we 
may find substaiiees that will not merely speed up the growth of a 
plant but cause its fruit- to be larger—for exainple, pears, apples, or 
oranges the size of grnfwfruit. If this seems fantastic, just consider 
the I'oeonut-mllk factor recently discovered in academic esperimentSL 
On its addition to a basal nutrient agar medium, inatiire plant cells 
are caused to subdivide; for example, cylindrical sU(^ of carrot will 
grow rapidly. 

Plant physiology is still in its infancy, and it must he better iinder- 
•stootl befora rapid advancement in the cultivation and control of 
plants can reach a maximum, £x])eriments performed in Germany 
during the past 10 years permit one to envisage remarkable achieve¬ 
ments in the future. In the flowers of the forsythia, those early 
yellow blooms which decorate gardens in many parts of the country 
in the early sjuing, it has l»een observ'ed that the |tol1en of one flower 
never fertilizes the stigma of the same flower, nor does it fertilize a 
flower of the same tyjie whether the flower is on the same or another 
bush. Formation of seed occurs in flowers where the pollen comes 
from long stamens and is accepted by flowers with long stigmas. 
Sinnlorly, pollen from flowers with short- stamens fertilizes flowers 
with short stigmasw Other combinations result in non fertilization, 
A chemical study of pollen from long and short sl.ariien 3 has revealed 
that, although closely related chemicals are in each, they are actually 
different. With this iliscovety, a procedure was developed whereby 
fertilization of these flowers could be made to occur by chemical treat¬ 
ment where it would not have occurred naturally. 
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Not too remote from these ex]>eriineiits is that of spraying the blos¬ 
soms of tomato plants with 2»-lr-D, a chemioal commonly used for 
killing broad-leaved plants. This not only causes many more of Uie 
earlier blooms to mature into fruit, but the tomatoes formed are seed¬ 
less. With Ibis starts let ns look forward to seedless raspberries, 
blackberries, Gtajiberries, ami jjerhaps many other kinds of fruits, 
such as watermelons, {tears, and apples. 

One of the banes of the former or Oie llorist is the insect {>Gsts 
that either destroy or greatly reduce liis crops. The varieties of 
insects and mites ore many, and cousequeiitly different kinds of 
chemicals have been sought to eliminate lliem. DDT is effective 
in the killing of flies, mosquitoes, and inutiy insects that attack 
plants, but it is not universally good. Sovernl other iusecticid^ 
are available, each with its special properties for use on a certain 
tyjje of insect. Periodic spraying of crops, however, is not only ex- 
{>ensiv’e but inefficient, since it is imijossible to teach ail parts of 
the plants The dtemist must searcli for a more ideal insecticide. 
Tile ultimate will bo a chemical, repellent to all insocis and mites 
and innocuous to plants and to higher animals, a siibsitance w'hich 
when sprayed on the leaves will be absorbed and completely trans¬ 
located b 3 ' means of tlio plant juices, WJiy not seek also a com¬ 
bination of minerals and fertilizer required as plant food that 
can be absorbed througli the leaves rather than to follow tlio ira- 
ditionid custom of fertilising tJie soil will) chemicals, a large pro¬ 
portion of W'hich is washed away by the min before plant absorp¬ 
tion has occurred? 

"^rho farmer also requires cliemicals to control weeds and to simplify 
ins cultivation problems. Rapid advances iiave been made in this 
area, and many chemicals are known that are toxic to certain kinds of 
vegetation. Chemicals will sometime be available to sterilixe tiie 
soil completely toward grasses and weeds but not toward tlie desired 
crop. Because of the similarity of many plants to em-h other, it may 
be necessary to provide ft scries of chetivicals, each of vdiich will ef¬ 
fectively kill just one kind of several closely related plants. Ihe lay¬ 
man will welcome tlte day when he can effectively kiil tlic crabgrass 
in his blucgrass lawn. 

Far more imjjortant in format ion w'ill eventually result from tlie 
study of plants. Each plant, with the aid of the suns energy-, con¬ 
verts corbem dioxide and water in presence of mineral salts into a 
wide variety of chemicals, such ns starch, cellulose, tirotein, vegetable 
oils, chlorophyll, and many otlwr complex organic molecules in smwller 
amounts. Theso reactions take jilace at ordinary temiwratunes under 
very i«ild oomlitions, commonly known as “hiological conditions." 
In OTmporison, the chemist is a clumsy operator. He requires tniuai ve 
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equipment, often high t<»ni[«i-at»res imd pressures, skillful engineer- 
ing, and a number of operations to achieve what the plant does with a 
little sunlight and the simplest of chemicals. The chemist has dis¬ 
covered a few reactions that take place under very mild conditions 
ami I'csult in the formation of complex molecules from several simple 
ones. But he is a long way from understanding how nature operates. 
'IVlien, u few centuries hence, such reactions con be duplicated in the 
laboratory oiir present production tneUiods for many organic chem¬ 
icals, ingeniou-s iiiid skillful ostfiey now appear, will look archaic. 

Characteristic of each plant is its ability always to build up the 
same chemicals year after year. It has been observed, however, that 
if a plant is moved to a different climate the relative amounts of the 
chemicals present may often be modified. The day will come when 
a plant, after treatment w'ith a certain chemical, will be inhibited from 
synthesizing one or more of the substances normally found wiUun its 
structure or, on tlie otlier hand, the plant muy be stimulated to create 
(.ne or more of its chemicals in much larger amounts. Thus fodder 
crops might result from plants which noiv contain some toxic con¬ 
stituent, or plants which contain physiologically active medicinal sub¬ 
stances may be iiuhiced to piYnluco theru in larger quantities. 

The present fooil supply of the world, if }ux»periy distributed, would 
be adequate. With the steady increase in population, sooner or later 
all the arable land will be uiilizod, and even Intensive fanning of the 
soil through improved agriculture] mctho<ls, plant stimulants, weed- 
controlling agents, jiesticidcs, and other developments w*j 11 not meet 
[he world's foml requirements. The i^esources of the seji will then be 
more intensively exploited than at present. Fisli is a valuable food of 
liigh protein and rich vitamin content. It can be expanded to supple¬ 
ment meat an pply. 1 envisage a ntore systema tic fishi ng i ndustry than 
at present—certain types of fish lanches—^Inrge fenced'off water areas 
ill which fish are grown, fed, and annually harvested—analogous to 
cattle ranches. Sen farming will be a term comparable to land farm¬ 
ing. Marine plants for food, fuel, or clicmical use will be grown and 
harvested like land crops instead of (he present system of collecting 
what happens to be washed ashore. Wlien, with these extensions, the 
food supplies reach the limit the chemist will provide anti fertility com¬ 
pounds which upon addition to the diet will assure a means of control¬ 
ling the birth rate. 

The diets of humans have been improved until now many ailments 
resulting from diet deficiencies arc well understood and have largely 
been overcome either by balancing or supplementing the footl intake, 
Conrentruled or synthetic foods containing just the necessary rotislitU' 
ents for human growth and development are feasible, but they will 
never be accepted by [wrsons in good health as long ns eating attractive 
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food is the most general and umverBally liked human activity. In 
spite of projJerly adjusted diets, the human race is susceptible to a long 
list of bacterial, vims, fungus, and degenerative diseases, some of 
which have tlius far resisted the efforts of science. 

Until half a centnry ago medicinal products for treatment of d^- 
ease were confined chiefly to plant or animal extracts or priticijjlcs dis¬ 
covered originally through the ent-and-try mctliods of tiie physicians 
of earlier ages. The chemist has now synthesized many of these prin¬ 
ciples and on the basis of tins knowledge has been able to produce 
other products superior to the natural. Drugs that have not been 
derived from the basic inf oral atioii provided by nature have l^n 
fortuitous or have been discoverecl usually by serendipity, a combina¬ 
tion of skillful observation and chance that leatls eo often during 
scientific research to unexpected achievements of basic or applied 
importance. 

Even though a marvelous array of drugs is now available, and a 
vast Storehouse of information has been collected, the laws of chemo¬ 
therapy are still unrevealed and decades will pass before a rational 
chemical basis will be provided for dificovery of new therapeutic 
agents. The knowledge of the living cell in which the chemical re¬ 
actions arc constantly occurring to provide the life process is still very 
meager. However, the elaborate series and combinations of reactions 
in the cell are gradually being untangled. Tlic cell functions in health 
and disease will sooner or later be clarified. 

While those more basic explorations are progressing, search for more 
effective drugs by present procedures will he intensified. New and 
better drugs for combatting bacterial diseases may be expected, ^ I 
envisage the gradual replacement of the drugs which must be admin¬ 
istered intravenously or intramuscularly by others of Ofjual or greater 
potency which may be taken orally. Many of the most stubborn dis¬ 
eases of mankind are those caused by viruses, such as the common cold, 
poliomyelitis, spinal meningitis, influemifl, virus pneumonia, mumps, 
and measles. Satisfactory* drugs for their treatment arc lacking. The 
retarded progress in this field in contrast to that made in the study 
of bacterial diseases is the result of the absence of suitable laboratory 
or animal assay methods for determining the effectiveness of any 
chemical agent upon a particular nrus. Bacteria can be grown in the 
labomtory, but viruses propagate only within living bacteria or living 
cells^ Research in the next decades will solve the vexing problem of 
finding viricides, and thus open a new chapter in medical tlierapy. 

For the degenerative diseases, such ss cancer, heart disease, or 
arteriosclerosis, it is unlikely that complete cures esan be found, but 
the organic chemist will succeed in providing products that will elimi¬ 
nate susceptibility toward these diseases. 
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jVs the physiology of tlie cell becomes better known, and the relation 
of clietiik-al structure to cell iind tissue Is I'evealed, chemically induced 
mutation of cells may become ^wssible. Certain hormones and other 
drugs are now known which affect the physical liein^ us well as the 
mental attitude of on individual The future may bring to us a series 
of drugs that will |>cnitit delilicittte rtioldiugof a (terson, mentally and 
physically. When this day arrives the problems of control of such 
chemicals will of concern to all. They would present dire potential¬ 
ities in the hands of on unscrupulous dictator, 

TVlint may we esjjcct from atomic energy and radioactive sub¬ 
stances? The ores of umnium and tlioi iiitn are found in only limited 
quantities on this earth. The inihi^rial applications of atomic energy 
are, therefore, likely to be limited to special situations, such os sub¬ 
marine propulsion or power units to be used in isolated spots, inacces¬ 
sible to the ordinary energy-bearing materials. Radioactive sub¬ 
stances will continue to fiiid more and more utilination in elucidation 
of organic and physiological reactioiis, particularly metabolic degra- 
dationa And transformattons. Whereas biochemical studies w'Ul prob¬ 
ably lead to conqKiunds which may go far toward the prevention of 
cancer, the newer a-, and y-iadiatlons from radioisoto[)e 3 are likely 
to lie found molt! effective for reducing or arresting grow'th of certain 
types of tumors than tlie older radium radiation. Promising results 
have lieen obtained by introducing such a substance ns radioactive gold 
directly by mechanical means into ceiinin tumors. In the diagnostic 
tiekl many applications of radioarlive substances may be anticipated, 
fbiis it is now [xissible to deiuonstrate tlie presence of a tumor in the 
brain, and even |.o localiac it accurately from outside the skull by 
means of certain radioactive iodine-tagged cliemicals. 

In 1780, Benjamin Franklin, in a letter to Joseph Priestley, wrote 
as follows: 

Tile mjilfl nirti^rcsvf true Eicl^are now oipk^. ocoafrfDii.s my ro^rettilia somctlnies 
that I Was bora so soon. U ie iuiihiKsIbtc to Imagine tho liclclit to which may 
lie carricA, in n tlioDauml yeans, thi* [mw^r of man over mutter. We may perhopa 
team to deprKe lai!ftc mciissea of their ^avtty, niKl plve them ahssolnte levity, for 
the Baku of poey trawiport. AKrienlltire may dimlalish It.s labor luiil double its 
laiKluro: all dieemses mny In; by sure meons prevented or cured, not e3rci*pt(h|{ 
even ibtit of age. and oar llvett lenifihentsl ot ptensiire even Iwyoad ihe ann>dllTi- 
vlBH staadard. O Ihnt moml bcImico were In tt fair wny of laiprovement that 
n»<u would cease to be wolves m one anoLher. and that tanmati helii|t»i would at 
Ipji^ti lejim vrhni the^ now cqU bamnnit^. 

Irft ns see what has liapiJcned during ibe 170 yeai>s since this was 
WTitten, We do not know yet hou* to eliminate gravity so us to facili¬ 
tate transport, lit agricnltiire, however, Franklin-s pretlictions have 
already come true. When this country was founded, it took nine 
people on tho fimii to fowl themselves phis one city dweller. Twiay, 
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in contrast, one man on the farm feeds himself, four city people, and 
one iwrson overseas. 

Tliere can be no complaint shout the achievements in treatment of 
many diseases by use of various serums, vaccines, hormones, vitamius, 
antibiotics, antihistamines, and a host of others. The life expectancy 
of a child has increased from 50 years in 11500 to 68 years at the present 
time. TVith these results already recorded, Franklin’s predictions, 
which relate to 830 years hence, will in large measure be correct. 

Pictures of the past show log cabins, sailing frigates, oil lamps, 
caravans, and ptnirie schooners, crude utensils, hand weaving, and 
the man with the hoe cultivating tlie fields. Today life is mechanized, 
electrified, abundant, easy, because of the push-button era. In the 
future citizens will more effectively farm the land and the seas; obtain 
necessary minerals from the oceans; clothe themselves from cosl and 
oil; keep theniselves warm by using the stored energy of the sun; be 
ciKi^ of any ailments by a variety of drugs and medicinels; be- happy, 
healthy, and kittenish at 100 years of age; and perhaps attend inter¬ 
planetary football matches in the Rose Bowl, 
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Phospliorus and Life' 


By D. P. lioFKiNS, B, Sc., F. R. !- C, 


Of THE mm* mtnernl elemetita—those fouml in tlie efirtli’s mist of 

tt)ck_^ptiosphorus undoubtedly lias the greatest biological significranoe. 

In the strictest sense of objectivity all elements tliat are essential for 
the growth and maintenance of living matter are equolly important 
whether retiiiired in large or small nniounts. However* the iiiujor 
role of phosphorus has compelled special attention since the first days 
of nutritional and agricultural science, ami centuries before scientific 
interpretation was possible the vital importance of materials contain¬ 
ing phosphorus was widely known. 

The natural occnrrcnce of elementary phosphorus is esiM.*ediiigly 
rare and transient, for it combines spontaneously and vigorously with 
oxygen, Even the oxide that is formed, the pent oxide, has a very 
brief existence, for it rapidly absorbs water and combines with it to 
produce phosphoric acid. It is as simple or complex pliosj ilia tea, 
which are the salts of pliosphoric acid, that moat of the world's supply 
of phosphorus is distributed. A proportion of the caith’s plioftphorus 
is continually passing out of the mineral reserve into Jiving matter; 
similarly, phosphorus is continually pnaaing out of living matter and 
re-entering the mineral reserve. These circulations take place within 
two cycles, a land cycle and a marine cycle. Although each of these 
cycles can be separately described, they are in fact interconnected: 
indeed, losses of phosphorus from one cycle become gains for the other. 

The initial sount of the world's phosphorus was the sun. Spectro¬ 
scopic analysis shows that the sun s atmosphere is fairly high m 
phosphorus*content. In the formation of tJie earth by tlie condensa- 
tioti of solar matter, much of tlie phosphorus then jircseiit was en¬ 
veloped in the earth's outer shell of siliceous matter. All igneous 
rock contains phosphorus, mainly its apatite, a complex form of cal¬ 
cium phosphate. The first biological organization of matter took 
place in the seas and the marine cycle of phosphorus utiUaatioii long 
preceded tJie land cycle. 

If the silicate rock surface of the earth imprisoned solor phosphorus, 
80, too, the large water surfaces must have actliiirerl some supplii.’S of 

' B*prliit«l by from DlKipT«ry. tel. Xo. 3. llurh IMS. 
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tlic element. In nn uqueous solution phosphates would have niain- 
tultied a simple glieuiical fomi much longer than phosphatsa fused 
in rock composed largely of other complex-forming minerals. It is 
possible, therefore, that the fiist uniceUulnr living organisms of the 
sea were able to obtain their phosphorus requirements from this orig¬ 
inal solar supply. Even so, it would have Iwen a limited source of 
phosphorus, in time becoming inadequate for the demands of expand¬ 
ing marine life. The principal store of phosphorus whs in tlie land’s 
igneous rock surface. Although apatite is insoluble in waterj it is 
slowly and slightly dissolved by carbonic acid (formed when carbon 
dioxide dissolves in water), ^in water, thus acidided^ steadily ex¬ 
tracted minute amounts of phospluUe from the apatite. There were 
then neither soils nor land jdaiite to utilize any of tliis dilute solution 
of phosphate as it ran olf into streams and sea-bound rivers. But in 
the seas the phosphate could be promptly utili'zed by marine plants. 

Higher forms of sea life evolved. Then, as now, one form of Ufa 
in the seas fed upon another. The same *‘quotu” of phosphorus could 
support a succession of lives and thus be indefinitely retained within 
the biological sequences of the nmrine cycle. The initial nssimiiation 
of phosphate is largely made by ulgue. minute diatoms which multiply 
by self-division like yeasts; hut their syiiLliesis of pliosphate and otlier 
simple nutrients in the sea’s solutiou is dependent upon a supply of 
energy from sunlight (i. e., they are photosynthetic), and their Hoat- 
ing existence is confined to the upper levels of the sea. In the mass 
these algae are kuowu as plankton. Phiiiktoii is the food for zooplank¬ 
ton, larger and longer-living foiiiis of very simple sea life. Young 
fish when hatched feed first upon the platdctoTi and then upon the 
zoopkukton; later, however, most sea fish feed carnivorously, upon 
other species and even upon their owti si^ies. 

However, all sea life does uot die by becoming the diet of other 
organisms; were this so, there would be no losses of biologically or¬ 
ganized phosphorus frtuu the marine cycle, A large proportion of 
sea plants and sea animais die naturally. Their remains sink to lower 
deptlis. The eveutuul decompeeition of this organic matter returns 
the phosphorus (and other nutrients) to the sou. But most of tins 
liberation takes place at depths beyond Iho sun’s ijenetration; the 
fiUnple uutrieiit-n.'similatijig organisms are not present to remohilize 
this phosphate, There is, therefore, in the lower water levels of tltc 
seas a steady building up of ]diosphatGs and otlier nutrients. How¬ 
ever, tills phosjjhate is not accumulatively retuiiied in the sea solution. 
Sonic of it is assimilated by crustecean and other Iwittom-living or¬ 
ganisms; mucli of it is steadily precipitated to the sea floor; and in 
tempei-ate regions there are regular iuvensions of the upijor and lower 
layers of sea water which result in the further utilization of deep-sea 
phosphate for plankton growtii. 
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Tlte second of tlieso tliree inSucncesi, precipitation, is lurgel; caused 
by the release of calcium in tiie decomposition of marine or^nic resi¬ 
dues. Wlmn calcium and phosphate ions meet, insoluble calcium 
pho$i)hute is formed. Tliis steadily precipitated phosphate enters the 
composition of Kedhtentary rwAj,' again it eventually becomes a wore 
complex minertd phosphate of the spatite class. Here there is an im¬ 
portant connection between the marine and land cycles of phospho¬ 
rus. Stibstantial areas of wliat is now the land surface of the world 
were once covered by seas; indeed, their rock and subsoils have a much 
longer past history as seabeds. There are, therefore, two kinds of 
complex mineral phosphate on laud —the phosphates of igneous rock 
originating directly from solar phosphorus and the phosphates of 
sedimentary rook which have formerly passed through the marine 
cycle. 

isNEOue aocK oh timn 

miUTE aOlUTlOK OF IMOSPHATE 



Flows 1.—Simplff diABTSiii'fof nwrine eydiC of pboipliond cirtulitiow. 

The third influence by which phosj>hnte accamulotions are removed 
from deep-sea waters, by the inversion of upper and lower sea layers, 
is not yet fuDy undcrato^. In nil seas the surface waters are warmed 
by the sttu and they therefore become lighter so that, without some in¬ 
tervening disturbance, the colder and heavier water below cannot rise. 
In marine science the ^undary between the upper part, which extends 
some 40 yards down, and the cold lower part is known as the thermo- 
dine. In temperate regions the autumn cooling of upper waters leads 
to a breakdown of the thetmodine and there is a seasonal rising of the 
lower and mitricnt-rich waters: but in tropical regions the surface 
waters remain permanently warmer and lighter and there is no sea- 
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eonal breiikdoivn. Tliis is the explanation of the compnrative absence 
of good Ashing grounds in the tropical parts of the world. But there 
are other factors that promote inversion in particular sea areas; a 
contoured shape of seabed coupled with the seasonal breakdown of 
the thennoeliiia may create rising bottom currents which produce a 
more thoroiigli and persistent mixing of the lower and surface w-aters, 
lifore than one complex theory of this hydrodynamic nature hoe been 
jmt forward to explain the exceptional amount of inversion that occurs 
at the Dugger Bank in the North Sea. But whatever the detailed ex¬ 
planations may be, all the deep-sea fishing grounds are places where 
an excelitional uprising of bottom water tokes place. With it, of 
course, a supply of nutrients, particularly phosphate, is brought into 
the sunlit aone of plankton growth. 

It is clear that only a limited lecovery of deep-sea phosphate can be 
expected. Tlie inversion or sea-mixing induences art occasiorm] rather 
than perpetual: and they aie stitmgly i-xerted locally rather than 
generally. But the removal of |>lioRphate from the sea by precipita¬ 
tion can take place steadily. In its simplest form the marine cycle 
for phosphorus may be summarized as follows: but for the steady flow 
of fiwsh phosphiite from igneous rock, the losses by deep-sea phosphate 
precipitation would have prevented any lasting expansion of sea life, 
Even with this constant land source of piiosphate additions, it is clear 
from modern fishery research that a shortage of phosphate in the sur¬ 
face w,iters is the principal limitation to sea life, 

Tlie land cycle of phosphonis l^gan much later. Fim came the 
invasion of dry land by plant life. Initially tlio medium of growth 
was the layer of fine mineral particles deriveal from rock weathering, 
the simple plant nutrients being provided by the rock-extracting 
power of carbonic acid. Liater, with the decay of dead plants, organic 
mutter ami lilimits entered the medium and topsoils of tlie kind we 
know today began to develop. As plant life increased its land in¬ 
vasion 11 larger amount of the phosphate dissolved from apatite was 
taken by plants. It is jio^jsible, however, that plant growth and soil 
formation accelerated the rate of apatite extraction: for the accumula¬ 
tion of organic matter on the land surface with its concomitant produc¬ 
tion of carbon dioxide by dccomposJtiou is likely to have increased 
the amount of carbonic acid attadsing surface rock and rock-derived 
subsoil. 

In any case, some of the phosphorus needed for further plant 
growtli wna provided by the decomposition of previous plant material. 
The invasion of animal life enlarged and complicated Uie economy of 
the R0CE-*m.Ah'T--js8onL--*pi,ANT cycle. Only a portion of the phos¬ 
phorus taken by animals from plants ivas speedily returned to the 
soil. The reason for this is found in the twofold function of phos- 
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phorus in animat life. It is not only an e^htkil constituent of all cell 
nuclei but also a major constituent (as enlcium pliosphato) of bone 
sub^nce^ it has, thei-efore, a dynamic *4ife process” function and a 
leas dynamic structuml function. Nearly Sfj percent of the total min¬ 
eral content of an animal Wdy may be pliospborus, but as much as 
four-fifths of this amount, is held ascakium photiphale in the skeletoin 
In the final decomjxsition of the nnima] body after death* the phos¬ 
phorus in the flesh will be fairly quickly returned to the soil; but tile 
decomposition of solid bones is exceedingly slow. So, in the 
plant-^antmali-^soiIj sequence, the final closing of the cycle involves, 
at any rate for as much as 80 jwreent of the ^nimHl-RS^umi3atec^ phos¬ 
phorus, a serious time lag. 

Did the expansion of plant and animal life on land with its increas¬ 
ing' utiliseation of rock-derived and dissolved phosphate leduce the 
flow of land phosphate into the sea and the marine cycle f There 
wouJd seem to liave been always a skifficient release of s^oluble phosphate 
from the land to tlie sea, a fact that supports the idea that soil forma¬ 
tion and pbmt life let! to an increase in the previous rate of i™k 
denudation* TUerc is, however, little ^washing out^- of phosphate 
from soils by niiu for the actual existence of soluble jdiospliatc in soils 
is quite brief. Like other nutrients^ [ihosphorus can be assimikte<l by 
plants only when it is available in the soil solution. But if pliosphatc 
in the soil solution is not quickly removed by plant iiplake, it is jirecipi- 
tated by other soil constituents. Insoluble calcium phosphate is readily 
formed; however, this need not lie a long or pei^iimnent withdrawal 
fioin the ‘%stem” for calcium phosphate can be equally readily 
dissolved by ^veak soil acids. But ii'on and aluininiim pbospliale^ arc 
also fonned (especially in acid soils) and from lliose compounds 
phosphate recovery is slight and slow. These jirocesses are known as 
8<^il Soil fixEition prevents a considerable proportion of the 

'^biological currency‘s of phospliorus in the soil^ii-vnt—►an iMAi^iiiOLL 
sequence from ni'etitering the cycle when if returns to the soil. In¬ 
stead, it enters the soil's reserve of unavailable or not easily available 
phosphate. Tliere is some resemblance in this to the steady loss of 
deep-sea phosphate from the marine system* fit is |H>ss!ble tluit a 
tiny fraction of the fixed soil phosphate enters the niarinq cycle; for 
some of t1u3 accumulatton in topsoils will pass downward by grinlual 
and physical movement Iti contacts with ground winters the fixed 
phosphates will be at least as extractable ns the apatite of igneous 
rock. These ground waters^ out of reach of most plant roots, making 
their way to strvam^ and rivers, will carry some of the phosphate to 
the sea.) 

The slow and almo^ tiroeless balance of the land cycle was greatly 
disturbed by farming. Agriculture meant the ever-increasing growth 
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of ccrea] plants for feeding man atid Iub domestit! animals upon the 
seeds Of grain, tJiose [laiTs of the plant in which most of the soil- 
derived plmsphoriis is concentrated. As proportions of total ininoml 
needs, man and animals require more piiosphofus than plants (about 
ii4 jjercent coinpaied with 16 to IT jxsrcent). The fact that seeds are 
concentration centers for the phosphorus iu plants is a major reason 
for the development of cereal grains (wheat and rice) asprimary foods 
for the aniiitfll kingdom. But ets a result far more phosphorus was 
removed from soils than was returned. Early farming was nomadic, 
a steady’ movement from soils whose fertility had been extracted tit 
vnrgin soils maintained in a state of mineral sufficiency by llie cycles 
which circulate nitrogen, pliosphorus, and otlier elements. Three 
devices wei'e in tiiue discoveretl: (1) Eetuming animal manures to 
soils? (:2) fallowing, i. e., jwriodic and temporary returns to the 
natural cycles; (3) crop rotation. But none of these could indefinitely 
return a snffident amount of phospliorus to soils os liuiuan populations 
increased and sharpened the demands for cereal foods. 

In the seventeenth and eighteenth centuries the usefulness of bones 
as 0 . fertilizer was gradually realized, imrticulnrly when it W’ss found 
that their etfectivencjs was hicreasod if they were first ground finely. 
But it was not until that the first suggestion was made tliat the 
princi[)al virtue of Imne material lay in its phosphorus content; nor 
did this become really understood until Liebig in 1840 publisljcd his 
theory of mineral plant nutrition. Nevertheless, bones were exten* 
sively used as a fertilizer before 1840, piirticularly in England. Tims 
in 1615 we liiul Liebig attacking England for her bone-importing 
activities: “England is robbing all other countries of tlieir fertility. 
Already in her eagerness for bones, she has turned up the battlefields 
of Leipzig, Watei'loo, at^d the Crimea; already from the Catacombs of 
Sicily slie has carried away the skeletons of niiiny successive genera¬ 
tions , . 

It was Liebig himself who indirectly solved the problem of bone 
supply. He suj^ested that treatment of bones witlj strong acid would 
gi ve a' more soluble phosplmt ic fert il izer. 1 11 Engl a n d luiwes put this 
idea into practice, llius founding the stiptrphosphate industry. Find¬ 
ing the supply of bones inadequate to meet tlie demand for super¬ 
phosphate, Liiwescxperiniented w'ith phosphorus-containing minerals 
and found tlmt an equally effective superphosphate could be based 
upon tliese minern) sources. 

The existence of tidily pLosphatic mineral deposits in various 
parts of tilc world is not a fortuitous legacy from tlie earth’s original 
formution by solar condensation. Theoc deposits exist as a result of 
tlio marine-cycle ntovements of jihosphonis. It is not fully under¬ 
stood why tiieso exceptional concent rat ions of mineral phosphates 
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occut* at cflrtftiD places on tlic exposed sedinienlnry roclt surface. 
Several explanations liave been put forward and it is possible that 
no single explanation accounts for nil the dejxisits. Sudden tem^jev* 
ature changes in the sea once covering these sites may have caused 
enormous mass destruction of life among sea aninmla and organisjns; 
heavy destruction of sea life through causes o£ this nature are not 
unknown today. Abnormally Idgh precipitation of phosphate together 
with the deiM^tion of bone phosphate would follow. Bottom-water 
currents in the sea may hare set up chemical disturbances resulting 
in an intensified pi'eclpitation of deep’Sea piiosphnte ions. Another 
explanation is that sea-floor currents and the local contour of the sea 
floor itself have scgregatetl the precipitated calcium pliosphaie and 
prevented it from entering siliceous dilution la sedimentary rMk 
itself. Wlnitever their true esplanatioiis miiy he, the fact remains 
that marine-cycle losses of phosphate have in various pluces accumu¬ 
lated in concern Hi ted “rook phosphate'* forms instead of penetiating 
siliceous rrx'k as a minor diluent. 



Ficea* Z.—Simple dlnEnm for land cycle ef phjoiphorui nTcuUiioc, 


The first mineral piiosphates used by I.awes were from nodulated 
de{X]sits (coprolites) in Suffolk and (..ambridgeshire*^ l.-iitil 1^^^ 
Tariotis nodule deposits in England were worked, but in the i>enod 
1850-1900 mttny iiincli richer phosphate rock deposits were found 
abroad, notably the liuge beds of North Africa, America, anti Russia, 
A large and widespread industry lias arisen to produce superphos¬ 
phate and other pUoepbatic fertilisers from tiiese minerala deposited 
os a result of the nmrine cycle, By this means the agricultural accel¬ 
eration of the land cycle is nt least partially compansated, though as 
human numbers inciease and demands for cereal crops intensify, more 
aud more pliosphatic fertilizer is required. 

It is iJertiiient to consider how long this intervention of man can 
preserve a balance. Tlie known world reserves of suitable rock phos- 
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phate are put at S6,000 million tons. A high estimate of world use 
of all phosphatic fertilizers is 3S million tons a year. But, with world 
population incjrensing rapidly and with the use of fertilizers still only 
partly established in some of the large crop-producing regions, a high 
estimate must be taken in making any long-term prediction. There 
would seem to be enough rock phcssphate in knoira and workable 
deposits to last for another thousand years, 

The phosphorus in fertilizers is jtist os exposed to the processes of 
soil fixation as is the soiTs own supply of available phosphorus. Even 
in favorable conditions not more than 35 percent of the added fertil¬ 
izer phosphorus enters current or subsequent crops. Despite con¬ 
siderable study by twentieth-century science, this problem remains 
unsolved. The discovery of a phpsphatic fertilizer pritducible from 
mineral phosphate, which would (a) remain highly available to 
plants and (£) resist soil-fixing influences, would greatly reduce the 
world’s annual consumption of mineral phosphate resents. At pres¬ 
ent, however, the best that can be done is to prevent a minor proportion 
of the fixation loss by soi 1-management practices, e. g., liming to reduce 
soil acidity, placing fertilizers in bands itistead of broadcasting them 
and thus reducing soil contact. There is some evidence that soils with 
a high content of organic matter fix phosphate less severely. 

The continuous outflow of sewage fixim most centers of population 
leprescnts an enormous loss of phosphorus from the modern land 
cycle. The human animal, expect in countries such n.s China and Ja¬ 
pan, no longer consen-es h is o wn orgon i c wastes. W'it h the widespread 
introduction of water closets, tlicso wastes are voluminously diluted 
and eventually pass down rivets to the sea. Only u small fraction 
of the phosphorus so involvecl is recovered, Liebig, in his denuncia¬ 
tion of England’s heavy use of bones, stressed this point. ^‘England 
annually removes . , . from other countries the manurial equivalent 
of 3^2 million men, whom slie takes from us the means of sup|>orting, 
and squanders down her aewers into the sea.” It has been cstimate<l 
that the phosphorus in the sewage from 5,000,000 people is equivalent 
to 17,000 tons of rock phosphate per year; Britain's current annual 
wastage must be at least the equivalent of 160,000 tons of rock phos¬ 
phate (while she imports some 1,3(X),000 tons of mineral phosphatic 
fertilizer materials), 

A more serious loss of phosphorus in the modern world is jirobably 
that caused through soil erosion. TVlien millions of acres of top¬ 
soils are blown or washed away, several hundred pounds of phosphorus 
(available plus fixed) are lost with each acre, The annual loss of 
phosphoniB by erosion in the United States was estimated in 1930 
to be more than 3,000,000 tons, And we are still only on the verge 
of reversing the widespread erosion of soils even in those countries 
where the problem has been seriously and determinedly faced. 
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Both tlie loss by soil erosion and the loss by sewage outflow—man- 
created losses—are conserved by the marine cycle; whether conducted 
through sewers, washed away into rivers, or blowm away in dust 
storms, most of tlie phosphorus thus removed eventually readies 
the sea, where a great part of it will be as^milated by plankton. 

A very minor but interesting Imk between the land and marine 
cycles has not yet been mentioned. Certain oceanic islands, rocky and 
uninhabited by man, and in almost rainless areas, are regularly used 
by sea birds (pelicans, albatrosses, etc.) during their breeding season, 
"^eir excreta and the bodies of young birds that die accumulate. 
Rain would wash out the phosphate but instead the sun dries and 
concentrates this msteriah As these birds feed entirely upon fish, 
tlieir organic wastage is directly derived frem tlie marine cycle's 
“phospliorus currency." This naturally dried material has long bean 
knoivii as guano. Guauo islamls were exploited os u source of manure 
by the Incas. In more recent times the most famous guano islands, 
off the Peruvian coast, have yielded 10,000 tons of guano a year. 
Guano collection is illegal during the four-moiitlis* dosed season when 
the birds flock to the islands; similar protective regulations are said to 
have been imposed by the Incus. Xoilay tlie total contribution of 
guano is insignificant compui'ed with the tin 11 ions of tons of mineral 
phosphate brought into the land cycle, Nevertheless, it represents 
a unique transference of phosphate and other nutrients from tlie sea 
to the land. 

Is modern man to he indicted for his agricultural acceleration of the 
land cycle ? An adult requires just over one pound of pUosphoruB per 
year as a niaintenunca standard. Many of the world’s soils are ex¬ 
ceedingly deficient in available phosphorus. Since 1800 the world’s 
human populatioti has more than doubled. Tlie marine cycle’s de¬ 
posits of concentrated mineral phosphate took many millions of years 
to accumulate and they are being consumed at an exhaustion rate to 
be measured in centuries. Tet it is difficult to see how man, faced 
w'ith so vast an increase in his numbers, could have done otherwise. 
If there is any indictment, it rests uiwn the charges of wastage, upon 
the huge losses in sewage and the even greater losses through un¬ 
checked soil erosion. 
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The Ice Age in the North American Arctic* * 
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tWUb 4 platnS 

SIGNIFICANCE OF GLACIAL AND INTEKGLADAL AGES 

Arctic North Ainerlcu/ ill coiiimoii with the rc^ of the ^vorhi is 
riow emerging from tlie latest of the series of gtiicial ages which^ ne a 
groupi hfive ehnructetiaed the last million years or more of geological 
time. During the glacial ages, eacli of which w'as a hundred thousand 
years or more in length, the mean temi>eratures at the earth's surface 
markedly lower than today* In consequence the proportion of 
snowfall to rainfall inei'eased, molting diminished^ and the accumu- 
Ihled snow' formed glaciera, The^^ great ice masses spread outward, 
slowly flow ing under their own weighty until they covered one-quarter 
to nearly one-third of tlie land area of the world, principally, of course, 
in high and middle latitudes. In Noiih America and Greenland 
alone the area covered by ice amounted to 7 miUlon squai'e mile^ 

Between the cold glacial ages, warmer timo^ intencned. Tlie rec¬ 
ord of the soils formed in temperate latitudes during the wanner, 
iiitcrgliieial agps shcaws that those ages were longer than the glacial 
ages-—one of them probably lasted SDO^flDO years. The record of the 
fossil animals and plants etitoml>ed in tlie deposits of interglacial times 
establishes that one or more of those times was warmer than today; 
from this the inference follows that the interglacial ages probably 
witnessed a more extensive disappenrance of ice fix>m the arctic regions 
than is now the case* In fact^ for the world as a whole I he present 
is a time transitional from glacial to intergkciaL The great ice 
sheets that formerly blanketed much of North America and Eurasia 
have disappeared, but more than 10 percent of the w'orld^s land area 
still remEiins covered by glacier ice. 

The glacial and interglacial ages together constitute the Pleistocene 
epoch, tile latest epoch in the scale of geological time* Alihmigh this 

* Bcprlntnl bj jM-milrtlon trom Arttls, toL 3, OcEolwr 1BS2. 

*TaroDffh&til till* |Mp*r “ATtUt Xortb Amfrlcm'' 1# tjit4 la tb( bivad hdh aUd InelndW 
both KrvtJe and flubarctlc reaSoni. 
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epoch is also koown as the ^'Ice Age,” the latter term is not a good one; 
it IS too simple. It does not imply that it includes the interglacial 
ages, ^hose combined length was greater than that of the combined 
glacial ages. 

Most of the information on which we have formed our concepts of 
Pleistocene conditions comi?s from temperate regions. Knowledge of 
the former glaciation of arctic regions is scanty and is based in part 
on Lnferencea from research carried on in lower latitudes* At pres¬ 
ent our reconstruction of glacial and interglacial events in the Arctic 
consists of broad generalizations^ meagerly supi>ortod at one place or 
another by detailed data. As e^iploration and research fill in the wide 
blanks in our knowledge much will he learned that will inodifj^ our 
conceptconcerning the extent of the former glaciers, their growth 
and decay, and the paths they made possible for large mammals and 
for early man cmigr?iting from northeast Asia into North America. 

EVIDENCE OF GUCIATION" 

Today only a minor proportion of the arctic and subarctic regions is 
covered with glacier ice* But it is now well known tliat during the 
glacial ages a very large proportion of the land areas of these regions 
was overspre^ad by glaciers, while the seas were largely covered with 
ICO consisting of frozen sea water plus icebergs broken off from the 
glaciers along the coasts. 

Tins knowledge is based on evidence of various kinds. Direct evi¬ 
dence of former sea ice is little known as but it is unmistakable. 
In 1^36 the Western Union Telegraph GOi^s ship Lord made 

a ruble-repair tug voyage from Cunuda to Britain. On board was 
Dr* C* S. Piggot, who had invented a device for taking a 10-foot core 
sample of the soft sediments beneath the sea floor. A study of the 
series of cores he made from the region between Newfoundland and 
Ireland showed thut the sea floor in that region is underlain by al¬ 
ternating layers of fom mini feral ooie and pebbly grit (Bradley et al., 
1040). The single-celled Foraminifera contain^ in the ooze are 
characteristic of the warn surface waters of the Gulf Stream. The 
pebbly grit likewise contains some Foraminifera, but they are of typ^ 
peculiar to colder northern waters. 

There can be no reasonable doubt that the layers of pebbly grit were 
deposited by sea ice as it floated southward and melted during glacial 
tim^. The layers of foruminiferal ooze* on the other hand, were de¬ 
posited under warmer conditions much like those of tlie present day. 
Hence tJiere is firm ground for the belief that in the glacial ages the 
northern seas yielded sea ice that was far more abundant and that ei- 
tended much farther south than at present. 


* Sririt^mnUaillf dIjc-Diuql In nint, UMT. 
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Oa Uie lands of Arctic North America the glacial ages left a more 
arident impress. In the alpine mountairis of British Columbia and 
Alaska in the west, and of Labradorj Baffin and Ellesmere Islands, and 
Oreenland in the east, the shattering action of frost, accompanying 
the glacial climates, sculptured tj-pical jnggwl peaks and serrate rid^s 
iind, at slightly lower altitudes, excavated the capacious, half-bowlUke 
corrtes that characterize the lieads of most glaciated valleys. The 
larger valleys were converted into fiords aud, in Alaska and Britisii 
Columbia, where the rate of flow of the gluciers was rapid owing to 
abundant snowfall, some valleys were deepened at least 2,000 feet by 
glacial erosion. Now partly filled with sea water, these troughlike 
valleys arc tlic familiar fiords charpcteristic of the mountainous coastal 
regions of high latitudes. 

On the lowlands the slow grind jug action of thick glaciers almost 
entirely removed the mantle of preglacial soil and subsoil, and 
grooved, scratched, polished, and generally smoothed the surface 
bedrock underneath. In places where the rock is cut by closely 
spaced fractures and other planes of weakness, the glaciers quarried 
out blocks of many sizes, creating roughened surfaces, as well as many 
rock basins tltat now contain lakes. 

The depth of glacial erosion of the lowlands was small, as is indi¬ 
cated by the preservation of preglacial topographic features and 
of chemically altered bedrock that could only liave been formed close 
to the surface during preglacial time. Most estimates place the layer 
of soil and rock removed by glacial action at a few tens of feet at 
moat. The small figure is the result chiefly of the lowland character 
of the country; there \vere no deep valleys to channel and concentrate 
the flow of the ice, nor were there mountains to provide steep gradients. 

Here and tliere throughout the lowland region, irregular de^iosits 
of eartLi and stones (the rjlarlal drifts left on the surface, chiefly 
during the melting of tlie glaciers, created obstructions to the natural 
drainage, forming many lakes in addition to those occupying bedrock 
basins. 

The glacial drift is generally thin and is distributed in patches. 
In the regions surrounding Hud^n Bay and lying immediately east of 
die Mackenzie Great Lakes, where the ancient bedrock is strong and 
not easily eroded, bare, ice-smoothetl outcrops are much in ovidouce 
and drift is scanty. Farther west, in the plains region, w-here the 
weaker bedrock yields more readily to erosion the covering of drift is 
more general. It is also thick in the central region between Hudson 
Bay and the Mackenzie River. 

Much of the drift is a variety of fi'W—a tough, compact nonstratified 
stony clay plastered bit by bit onto the ground, from the load of rock 
fragments carried in tlie base of the slowly flowing glacier. The till 
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ie iisuailv only a fo'f in thickness, aJtliougli in the plains region 
it may be mudi thicker. In soine areas where the till is comparatively 
thick tlie How of the overriding ice has molded it into the whalaback 
hills known «» tlntmimi. Commonly tlicse occur in broad grouiis, die 
individual driunlins ranging in length up to 3 1 hus far dvuni“ 

lins have been reported principally from the region west of Hudson 
Bay, as far west ns northern Saskatchewan. Undoubtedly furtUor 
exploration will bring to light many more than are now known. Tlie 
value of dnimlin study lies in the fact that the long axes of these hills 
record the general direction of lloiv of the glacier ice at the time i^lisii 
they were built, 

Tlie anotlier type of drift accumulation, is also useful in 

reconstructing die movements of glaciers, Eskers are long and usu- 
ally winding ridges, several tens of feet in lieightj and in some cases 
more than 100 miles in lengdi. Some of them branch like streams, 
and all are built of stratilied glacial sediments. They are believed 
to be the deposits made by streams of meltwater that tlowcd in tun¬ 
nels beneath the ice or in channels in the surface of thin ice, in the 
marginal part of an ic* sheet. They were built during the period 
of decay, just before the ice melted away, and are generally aligned 
at right angles to the t rend of the glacier margin at the time they were 
builti Tims they may record successive positions of the edge of the 
ice sheet during its shrinkage. Eskers are numerous in Arctic Xortk 
America, but ns yet they have been mapped in t%vo regions only: 
east of Great Slave and Great Bear Lakes {^Vilsoii, 1&3B, 194o) and 
in central Quebec and Labrador. 

End ridges of drift Ueaiwd along the mar^n of the ico 

tdicet'—occur here and there. Except in a few localities, however, 
no systematic attempt has been made to map them, ^Vlieii fully 
mapijod these features, too, like the drumllns and eskers, will consti¬ 
tute a valuable clue to the successive positions of the retreating margin 
of the ice sheet. 

DISTRIBUTION AND TYPES OF FOfLMER CLADERS 

Plato 1, adapted from the glacial map of North America (Eiint 
et nl., 11145 ), shows tho areas at present believed to have betm covered 
by former glaciers in North America, Excepting in the region of 
tlie Arctic Ocean, the limits of the highland glaciated regions aro 
faii'ly well known, though many details remain to be HUeti in. Of 
the vast lowland urea west, north, imdeasl of Hudson Bay, our knowl¬ 
edge is hardly even elementary. 

Tlie distribution and directions of flow recorded by t!ie former 
glaciers show that the two great groulK of highlands in Arctic N'orlh 
America—die western or Pacific und the easteni or .Vtlantic—were 
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glaciated and that glaciera originated iti these highlands. Data of 
the same kind show that the vast lowland region between these high¬ 
land groups was also glaciated—evidently by a thick and eAtcnsiTe 
ice slieet. It was long believed that this ice sheet was built up by the 
accumulation of fallen snow on the lowlands theinselves. However, I 
have put forward reasons for believing that the great lowland ice slieet 
grew up through the coalescence and espansion of glaciers from the 
Atlantic highlands (Flint, 1943, 1947 j Demor^t, 19W). According 
to this view the ice sheet was in a sense an imnjigrant into the lowland 
country rather than being indigenous. The manner in which the ice 
sheet developed is not entirely settled, nor can it Iw until much more 
has been learned about the glacial geology of the vast region surround¬ 
ing Hudson Bay. Tlie discussion that follows is based on the view 
that the broad ice sheet invaded the lowland from tlic east, with 
the resen ation that this view is not yet fully proved and is therefore 
subject to whatever modifications may be made necessary by further 
study. 

The CordlUer<m GUder The Cordilleran or high- 

mountainous region of western North America, from Alaska to 
Mexico, is dotted with glaciers today. The colder climates of the 
glacial ages brought about so great an expansion of gkeiera in this 
region tliat from southern Washington northwestward to the Bering 
Sea a complex of cotilescent valley glaciers, piedmont glaciers, and ice 
sheets covered a combined area of more than 950,000 square mil^* 
On the west this ice entered the Pacific and probably formed a floating 
shelf siniilur to the shelf floating on the Boss Sea oft the Antarctic 
Continent today. On the east the ice descended to the plains where, 
along a iJOO-mile front stretching from Glacier National Park in 
Montana to the mouth of the Mucken^ie at tiie Arctic Ocean, it 

coalesced with the great lowland ice sheet. 

The distribution of the Ccrdillcran glaciers was controlled then, 
ns today, by two principal factors: high land and atmospheric mois¬ 
ture, These controls are clearly evident in Alaska. There, the thick¬ 
est and moat extensive glaciera formed on the coastal mountains, which 
not only are the highest and most massive mountains in western North 
America but also stand directly in the path of warm moist air masses 
coming in from the Gulf of Alaska. The Brooks Range in Northern 
Alaska is lower and less massive, and faces the cold Arctic Ocean 
rather than the warm Gulf of Alaska. In that range the glaciers were 
correspondingly less extensive, thinner, and less active. Between the 
cOftsiAl mount niTis fiiid the Btooks thft drained y 

the Yukon River had no glaciers at all; thia intermontaue country, 
although cold, was too low and too dry to support them. 

• For dEiicrietiimi flf the i(int*tioa TwrswutotlTe aiitrict. it* &tr. lSa^: ctpp*. 
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In southern Yukon and northern British Colombia, where roastd 
mountains are loweri enough moisture was earned across the coastal 
barrier to build up a tliick ice sheet in the rough but lower country 
between the Coast Hangea on the west and the Bocky Mountains on 
the east. 

The laurentide lee Sheet— of North America east of the 
Bocky Mountains was overspread during the glacial ages by a vastj 
coaleficent mass of ice to which the name Laurentide Ice Sheet Has 
been given (G. II. Dawson, 1890, p. 162)* *“ Tlie area of this glacial 
carapace at its maximum probably exceeded 5 million square mika^ 
Its exact eastern limits are not known because the ice extended to sea¬ 
ward of the present coast and the evidence is tlierefor© submerged. 
To Uie north the vast glacier covered the southern and eastern islands 
of the Canadian Arctic Archipelago and overspread the network of 
narrow straits that separated them* Wlictlier the most northerly and 
westerly islands were ever wholly buried beneath ice is not known, 
amply because the geology of much of the region has never been 
investi^ted- 

The ice grew thick enough to overtop most or all of the highlands in 
nortlieastem North America, and may possibly have reached an ex¬ 
treme thickness of 10,000 feet, although this figure is a matter of 
conjecture, 

Greenland Ice Sheets —^Eastward across Baffin Bay and Davis Strait 
the Greenland Ice Sheet, during the glacial ages, was thicker and more 
extensive than it k todayj as is clearly shown by the ubiquitous signs 
of glaciation both vertically above and outward beyond the existing 
ice sheet It can hardly be doubted that the Greenland and Lauren^ 
tide ice bodies w'era finnly eoalescent across the narrow straits that 
separate northwest Gr^nland from Ellesmere Island. It is even pos¬ 
sible til at the two ice sheets, partly aground and partly afloat, were 
coalesceut. across Baffin Bay and Da via Strait. 

Despite its great areji, the Greenland Ice Sheet failed to cover the 
extreme northeastern tip of Greenland, just as it fails to do today. 
The explanation lies in lack of nourishment. In tliat region Oie pre¬ 
cipitation is now very small, and during the glacial ages it must have 
been as small or smaller, literally starving the northeastern tip of 
the Greenland lee Sheet. 

CEOWTH AND DISAPPEARANCE OF THE GLACTEES 

The hypothesis that best fits the facts now known is that each of the 
glacial ages began with a world-wide gradual reduction of tempera¬ 
ture* In consequence the proportion of snowfall to rainfall increased, 

* FW ilncrlptloGLj of 9omt ilnClAl tti BeU, 1060; J. W* DnwBanK 

lisa: TaDD»r^ ism. pp, iTa-ffiia. 

* S JltClUUeAlIj dlKDHHl In 
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and tho melting of fallen snow during the summer dimunahei All 
of this, nuite understandably, r^lted in the enlargement of glaciers 
eiistini^ in the higher mountains and in the appearance of many new 
glacier^ in mountainous districts. Tliere can be little doubt that in 
Arctic Nortli America tlie first crop of glaciers took form m the two 
great mountain regions: the Aiaska-Yukon region and the Greenland* 
Ellesmere Island^Baffin Island^Labrador-Quebcc region. 

Tlie probable growth of the glaciers in the Alaska-Yukon 
not difficult to trace. Individual mountain glaciers enlarged, thick¬ 
ened, and coalcEced. Wany of tliem spread out beyond the bases of 
the monntaina os piedmont glaciers. In southern Yukon and tm - 
cm British Columbia the ice bodies flowing eastward from Uie Coast 
Ranges and those flowing westward from the Bocky Jlountaina 
coalesced over the rough but somewhat lower country ^tween them, 
and the combined oiaBs thickened and grew into an lee sheet that 
nearly overtopped the high mountains themselves. Geological evi¬ 
dence shows clearly that the ice, when near its maiimum extent, flowed 
from the lower interior country westward oorAsa the higher coastal 
mountains to the Pacific. 

The growth of the glacier ke in the eastern part of the continent is 
less clearly evident, but the probable course of evente was similar. 
Through the use of what scanty direct evidenre we have, and by 
analogy witli better-known regions, we caji conjecture that on each 
of tbeliigblands along the northeastern border of the continent proper, 
and in Greenland, the new crop of glaciers expanded until they coa¬ 
lesced, as did those in the far west. Recent seismic measurements, by 
the Expeditions Polaires FranQaises, of the bedrock surface licneath the 
Greenland Ice Sheet have suggested tho possibility that the land mass 
of Greenland consists of three separate islands which have been buried 


beneath the Greenland Ice Sheet. _ . 

Glaciers descending the western slopes of tlie mountains of hUes- 
mere and Baffin Islands, and of Labrador and Quebec, formed a pied¬ 
mont apron of ice that chilled the air above it and thus drew 
from tho comparatively moist air masses that approached it ^m the 
south and southwest. The added snowfall increased the tbickne® of 
the ice, which tliereby gradually became a topographic barrier to the 
southerly and southwesterly winds, as well ns a cold-air barrier or 
] 5 olar front. Snowfall was thereby still further increased, which m 
turn thickened the ice and increased its outward epread. 

The hit'll cold front of tiie combined glacier crept slowly w^ward 
and southward, fed by moisture brought to it by tlie winds it inter¬ 
cepted At the same time the ice thickened until it buried, or nearly 
buried, the highlands along the northeast const on which the ^rhest 
glaciers had formed. The ke, now the full-fledged Laurentjde Tco 
Sheet, flowed acrosa tlie broad, shallow Hudson Bay depression and 
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up the long gentle slope of tho plains country to the west. Its uphiU 
course was niadc possible by its great thickness* Ultimately it met 
the piedmont glaciers floAving eastward from the Rocky Mountaina 
and merged ivith them to form a continiiotts glacial mantle that 
stretched from the Labrador Sea to the Gulf of Alaska;^ broken only 
by high mountain peaks. The line along which the two ice masses 
merged shifted its position from time to time, but it was never far 
east of the Rocky Mountain front. This line lay along the general 
course of the Mackenzie and Liard Rivers, through the vicinities of 
Fort Nelson and Dawson Creek, and passed west of Calgary and 
Lethbridge, to the southern limit of the ice at the International Boun¬ 
dary. That rock debris was brought to this line by both glaciers is 
shown by exposures of overlapping glacial deposits, one layer con- 
taining Rocky Mountain stones, another containing stones brought 
from the region west of Hudson Bay, and still another layer contain¬ 
ing a mixture of both. 

The transport of stones to Avestem Alberta from the countty im¬ 
mediately west of Hudson Bay involved not only a journey of many 
hundreds of miles hut also a A^ertical lift amounting to more than 4,000 
feet. In order to accomplish the lift, the ica sheet must have had a 
thickness considerably in escess of this value. It is not probable, 
however, that the ice sheet, when at its maximum, was thickest at its 
geographical center and thinner cLseAvhett?* The probability is that 
the ice was thickest at its eastern and southern marginal area^the 
areas that intercepted the Inrgc^st amounts of atmospheric moisture— 
and that elsewhere the ice Avas thinner. The glacial striations and 
other geologic evidence of direction of floAv of the ice are still too 
scanty to justify definite conclusions, but such facts as we have are 
consistent with this concept- 

If this was the case, then the flow of the spreading ice Avas most 
active in the southern peripheral zone and was lejist active in the 
vast interior and northern areas. Furthermore, most of the ice murk- 
ings left on the bedrock and the localized accumulations of glacial 
drift deposited on the surface must have been made during the waning 
of the ice sheets for the majority of the markings and nccumuktions 
made earlier vreuld have been erased or rcabaped by Inter movementv 

Floating shelves of glacier ice, like the shelf off northern Elles¬ 
mere Island today, undoiihtodly fringed many coast-s* Beyond the 
shelves the eea ice was for more extensive and more nearly continuous 
than it is today. Pack ice filled not only the Arctic Ocean but also 
the Bering Sea and the Greenland and Labrador seas, and reached 
into the North Atlantic beyond the southern coasts of Greenland and 
Tod and. 

The state of exploraticm of Arctic North America permits us as yet 
to sketch only the general outlines of the deglaciation-^e shrinkage 


ICE AGE IN NOBTH AMEEICAN AECTIC—FUNT 


251 


of the glaciers from their former great extent As recorded by a 
variety of features, chiefly in the glacial drifts the shrinkage seems 
to have been generally concentric, inward toward a '^last stand^’ of the 
shrunken main body of the ice sheet in Uie regions of Hudson Bay 
and the Quebec-Labmdor highlands. But wherever there were con¬ 
spicuous highlands their cold and moist climates favored the per¬ 
sistence of glacier ice upon them* Thus southeastern Quebec., Lnbm- 
dor, and Bafliri and Ellesmere Islands and their high-ending neigh¬ 
bors, as well as Greenland, continued to nourish glaciers of various 
kinds separate from the main residual ice body* Some of these sepa¬ 
rate glaciers, notably the Greenland Ice Sheet, persist today despito 
n somewhat unfavorable climate and conspicuous contemi>orary 
shrinkage. 

EVIDENCE OF EEFEATED CUOAL AGES 

lilost of die evidence tlmt glaciation was repeated comes from the 
temperate region, where the southern margins of the great glaciers 
piled up at least four overlapping layers of drift, each separated from 
the one below it by a zone of deep weathering-decomposition that in¬ 
dicates a lapse of perhaps hundreds of tJiousands of years. During 
each glacial age most of Uie arctic region lay beneath ice, and in the 
mountainous areas the intensity of glacial erosion favored tile destruc¬ 
tion of earlier-formed drifts. Hence, as jel^ the Arctic has contributed 
little to our growing knowledge of the succession of glacial ages, in 
no arctic locality has clear evidence of more iliau two glacial ages 
yet come to lighL If the Arctic alone were considered, this fact might 
be taken to mean that glaciers continued to cover much of tlie arctic 
r^on during the interglacial ages proved to oxbt in lower latitudes. 
But when the whole glaciated re^on is examined, such a condition is 
Been to be very improbable, for tlie fo^l plants and animals contained 
in soD^e of tb* interglacial deposits imply arctic climates as warm as, 
or warmer than, those of today. This m turn implies very widespread 
deglaciation. 

Within the arctic region perhaiis the best evidence of repeated gla¬ 
ciation is a series of esposureii in the district south and west of James 
Bay (McLearn, ia27, pp. 3f>G-3lC) * Here, between two sheets of till, 
is a layer of peat, the compressed neniams of a spi'uce-pino-birch-flr 
forest Clearly tliero were tw^o glaciations of this district and, al¬ 
though the length of the intervening time is not evident^ it is probable 
that both glaciations are of very late date. 

In the Carmacks district, Yukon, there are present two till sheets 
of which the younger contains Arm, f resli stonea while the stones in the 
older ara thoroughly decomposed. A long interglacial process of aoil 
formation ia indicated (Boetock, 1S)36, p. 48). 
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In the eea cliffs of Herschel Island, in the Beaufort Sea west of the 
mouth of the Mackenzie River, estensiva beds of soil and clay con¬ 
taining twigs and at least one log /ire osiwsed (O-Neill, 1934, p. 12). 
Again, near the mouth of the Ikpikpuk River, on the arctic coast of 
Alaska cast of Point Barrow, spruce logs occur in the sediments of 
tlie coastal plain {Smith aud Mertie, 1930, p. 25*1). Large logs arc 
found in the sui>erficial deposits of the Knzitrin lowland north of 
Nome, Alaska (Collier et nl-, 1908, pp. 89, 91). Little is known 
about these dcijosits but, as their localities lie beyond the present 
poleward limit of trees, the material may he interglacial. We t^miot 
state the inference moi^e strongly than tliia, because the possibility 
that the twigs end logs were simply driftwood, perhaps from distant 
points of origin, has not been eliminated. 

There is clear evidence of at least two glacial ages in the frozen 
ground in the Yukon River basin in central Alaska, although the 
region was never glaciated because it is low, dry, and subject to warm 
sunmiers. This country is underlain by thick beds of silt, deposited 
mainly by the Yukon and other rivers. As it lies within the arctic belt 
of perennially frozen ground, most of the silt is frozen to depths 
leaching hundreds of feet. Mining operations have exposed extensive 
sections of the silt, overlain by thick mudflow deposits consisting of 
thawed silt, now refrozen. Such sections furnish evidence of an epi¬ 
sode of deep tliaw that intervened between two episodes of deep 
freezing (Taber, 1943). As freezing /md thawing wcli ^low the 
surface take place slowly, a long interval of warmth is indicated. 
These events, however, have not j'efc been firmly dated. 

In northern British Columbia aud also on the east coast of Green¬ 
land the forms of major valleys seem to indicate a period of deep 
stream trenching that occurred between two periods of glaciation. 

These are Bie scattered pieces of evidence of repeated glaciation de¬ 
rived from the aretic region. Many more will be discovered, hut they 
are not likely to approach either in quantity or (luallty the records 
from the southern margin of the glaciated region. 

A great variety of evidence has established the belief that since the 
latest of tlie glacial ages reached its peak several tens of thousands 
of years ago and began to wane, the climate has not become continu¬ 
ously milder. Hie record shows that in nortliern Europe and tem¬ 
perate North America, at least, climates attained a maximum of 
warmth and dryness roughly 5,000 years ago; sine® when, conditions 
have become appreciably cooler and wetter. It lias bceu ^own tliat 
some of the glaciers in western United States had dwindled away or 
disappeared entirely during the period of warmth and were later re¬ 
born. Arctic America is not likely to have undergone so drastic a 
change because of its cooler cllmato, hut nevertheless it is likely that 
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all tlie arctic glaciers underM^cnt at least some reduction in size during 
the wanri period. Future research ia likely to bring forth evidence 
that this reaction ijceurred. 

CLAaAL LAKES 

The great deglaciation that has been in very irregular progress 
throughout the last few tei>a of tliousands of years was accompanied 
by tlia appearance of many temporary lakes^ held in between glacier 
ice on one side and sloping ground on the otlier^ Most of the lakes 
were localized in preglaclal stream valleys, depressions that could be 
conTerted into basins by glacial erosion, or damming by ice, or bodL 
Some of the most conspicuous preglacial valleys had developed along 
the contact between tbe igneous and metamorpldc pre-Cambrian rocks 
of the Canadian Shield and the surreunding Paleozoic sedimentary 
rocks. Major lakes of today, such as Great Bear and Great Slave 
Lakes and Lake IVinnipeg, consist of segments of these valleys con- 
verted into lake basins by glacial actioiL These, together w'itb other 
lakes in the region west of Hudson Bay (notably Lake Athabaska and 
Wollaston, Reindeer, Ci'ee, and Les^r Slave Lakes), show by the 
abundance of lake dei>osits and abandoned strand! ines in the terrain 
flurrounding them that they were considerably larger during tbe 
sbrinkiigc of the ice slieet than they are at present. 

Tbe two larger lakes formed partly wdthin the arctic region during 
the deglaciation have almost entirely disappeared. Ltrke Agassis e3C' 
tended from latitude 46*N+j In Minnesota, nearly to latitude 58® 
in northern Manitoba, and had an area equal to tliat of the existing 
Great Lakes combined^ It was held m on the north and east by the 
edge of the ice sheet, and when this melted away tlio water drained oil 
to Hudson Bay, leaving a few basins, Lakes Winnipeg and Winnipe- 
gosis, to contain residual pools^ Jtake south of 

Janieii Bay, was held in In the same manner. It stretched from the 
T6tb meridian to the SSth, and when glacial melting iloetroyed its 
northern sliore it drained aw^ay, leaving upon the bedrock surface a 
veneer of silt and day to mark its former extenh This is the well- 
known ^^clay belt” whidi has made a wide region possible for sgrioiib 
turc, in contrast with tlie rocky country surrounding it* 

THE POSTCLACUL SEA AND RISE OF THE LAND 

Hie greater part of the coastline of Arctic North America is fringed 
with superficial deposits of sand and silt, in places eontaiiiing the fos¬ 
sil shells and bones of marine animals. Throughout great distances 
these deposits ai"e fashioned into beaches^ bars, and other shore 
features sweeping along the contour of gently sloping terrain. Shore 
and sea-floor deposits of thm kind form a discoutmooua belt that varies 
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greatly in w4dtli. Alon" steep coasts, such as those of Labrador and 
British Columbia, the deposits are narrow and very discontinuous, 
of hardly more than local patches. Along gently sloping 
coasts, such as the coast of Hudson Bay, they increase to form a belt 
mote than l&O miles wide, and in Uw Tbelon Eivcr basin, northwest 
of Hudson Bay, the width of the bolt exceeds 400 miles. Tlie greatest 
height of the marine features above present sea level likewise varies 
from one part of the coast to another. Tliis height commonly readies 
500 feet; and, at a few points, it has been observed to reach as much as 
flOO feet. Ill contrast, in northwestern Alaska it is not certain that 
marine deposits extend ahoTe the present level of the sea. In general 
the height increases with increasing proximity to the Hudson Bay 
region, which lies near the geographical center of die area covered by 
tho former ice sheet- 

In tho few places where exposed sections of these deposits have been 
examined, they are seen to rest upon the glacial drift. Hence the 
marine sedimetits postdate the glaciation. The phenomenon of ma¬ 
rine deposits overlying glacial drift is known also m soutlieastern 
Canada and Xe\r England, and is still better known along tlie Baltic 
Sea coasts of Sweden and Finland. Tlie explanation now widely ac¬ 
cepted is that the weigiit of an ice sheet causes the earth's crust be¬ 
neath it to subside slowly. As the great glacier shrinks, the sea 
inundates the siihalded crust, which is slowly rising (though wiUi a 
considerable time lag) owing to reduction of the glacial limd. At 
first Uie Bca rests against shores of glacier ice. But as the ice sheet 
shrinks and as the crust rises, the shoreline is transferred to the 
ground vacated by the ice and is forced to retreat little by little. Thus 
arc explained the marine cover and the successive shorelines at ever- 
decreasing levels. Evidently, then, during an earlier phase of the 
process of postglacial uplift, Hudson Buy wsis very much linger Uian 
it is now. 

Tliero are indications of various kinds that the upheaval is still in 
progress. Brominent among tlieso aro the occurrence at several lo¬ 
calities of Eskimo dwellings, built near the shoreline, and fish traps, 
built between liigh and low tide, now 30 to 80 feet above sea level (cf. 
Bell. 1BS4, p. 37; Wasliburn, 104", pp. 60-71)- Calculations based on 
tlie probable amount of depression of tlie crust under the ice sheet, 
and on the uplift already accomplished, indicate that in tlie region 
of Hudson Bay some additional hundreds of feet of uplift are to bo 
expected before the cruatal equilibrium that prevailed before glach 
ation will have been restored. From this it follows tliat Hudson Bay 
will gradually become still smaller. In fact it is probable that by the 
time the movement has ended, tbs Buy will have become once more a 
broad plain diained by a master stream flowing nortli. Thera is 
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reason to belieTe that in preglacial time this master stream included 
the drainufio of the ttlssouri River in North Dakota and ifontana, but 
that that druinuge was diverted toward the south by tlw eipanding 
ice sheet. 

The absence of highly elevated marine features from the western 
and northern coasts of Alaska results probably from the fact that 
w'estem and nortliem Alaska were but scantily covered with ice, bo 
that disturbance of crustal equilibrium there was small. Postglacial 
emergence of the Pacific coast of Alaska and Britidi Columbia has 
been conspicuous; this is iu keeping with the known thick cover of 
glacier ice in that coastal region. 

CimONOLOGV AND CAUSES OF CLAQATION 

The North American Arctic yields very little direct information 
either on the actual dates of events in the glacial pEist or on the prob¬ 
able causes of the glacial climates. Our knowledge of these matters, 
still very scanty at Lest, comes ehiefiy from the glacial drift sheets 
in the teniperate Sfiones of North America and Europe. Until the 
use of the radiocarbon method of dating, developed by Libby (L0o2), 
it w'as assumed that tlie time elapsed fiinoe the slirinking ice sheet 
begun to uncover the very young Mankato drift was 25,000 years. 
Radiocarbon measurements of wood freiu tlie Two Creeks peat, im¬ 
mediately underlying the Manlmto drift, hos shown that the age of 
the wood is only about 11,000 years (Flint and Deevey, 1&51). As 
yet the radiocarbon method is directly applicable only to organic 
matter less than 30,000 years old. ITicrefom the degree of chemical 
alteration of each of tlw several rlrift sheets still furnishes the best 
chronology, inaccurate tJiough it is. At preseot the lengths of the 
glacial ages can only be guessed at, but they are widely regarded as 
having been mudl shorter than the interglacial sges- The whole 
group of four glacial and three interglacial ages together is believed 
to have lasted toughlj oiie million years. 

Because the interglacial times are believed to have been longer than 
the glacial times, the Arctic has been largely free of a glacier-ice 
covering during the greater pail of tlie Pleistocene epoch. However, 
whatever thin soils may have been developed over the surface of the 
bedrock during the ice-free interglacial ages were almost wholly 
swept away by die intervening glaciations. 

The fluctuations in the mean annual temperatures of temperate 
latitudes during the Pleistocene epoch seem to have been no more than 
roughly 8“ colder than now during the glacial ages and 2" 
warmer than now during the interglacial ages. Tho causes of these re¬ 
peated fluctuations constitute a much-debated question to which var¬ 
ious answers have been given. To mo tho cause appears to have been 
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twofold (Flinty 1947). Th& first factor was a coiispkiiO\J& world-wide 
devatioJi of the lands in general and of many mountain ranges in 
particular^ during the epcxih immediately preceeding the Pleiatocene 
and continuing into the Pleistocene epoch StseH This elevation 
in itself reduced surface temperatures in several ways, tliough alone 
it cannot e^cplain repeated tempuratura fiuctuatiou. Tlte i^ond fac¬ 
tor is an assumed Uucluation in the rate at wliicli radiant energy is 
emitted by the suiK SmaQ present-day fluctuations are currently 
obser%"ed, but the larger fluctuations necessaiy^ to fonn glaciers on 
the highlands must he assumed. Thei>e two factors constitute a reii- 
aonahle and^ it seems, probable explanation of the glacial and inter¬ 
glacial ageSj ttiough the second factor is not at present capable of proofs 

EFFECT OF CLACIATION ON LIFE 

The present-day flom of tho North American Arctic includes few 
endemic forms. There esn be little doubt that glaeinhage conditions 
in the glaciated regions almost wholly extinguished the plant cover^ 
whicli was renewed after each glacial age by immigmtion from die 
nongUciated territory. Probably die principal arctic refuge witliin 
which plants with sufficient hardihood survived the glacial ages lay 
in nonglacluted areas in central Alaslm and the adjacent parts of 
the Yukom In addition, repopulation of Um arctic flora must have 
taken place to a considerable extent from tiie belt of country lying 
south of the soutliern limits of glaciation. 

If j during Uie glacla] time^ there was a conspicuous belt of tundra 
at the southern margin of the ice sl^ect, there is little evidence of its 
former presence. Most of the comparatively few esposureii of plant- 
bearing deposits immediately overlying the drift sheets yield floras, 
dominated by spruce and fir, such as cJiaracterize the subarctic forest 
of the present day. It seems likely, therefore^ that the subarctic 
forest generally reached clt^ to die margin of the ice sheet and that 
the intervening belt of tundra was narrow*. Along the arctic coaat be¬ 
tween Point BarrO’iv and the Mackenzie River, as already noted, there 
are suggestions of tree growth, presumably during some interglacial 
time (unless die wood in question is merely driftwood). 

Evidence of the effect of die glacial ages on animal life in the far 
north is very slighti cliiefly because there has been little ^stematic 
search for fossils. We can bo quite sure that In the glacier-covered 
areaa animal life was completely extingulslicd. Tlie change was grad¬ 
ual, and took place through slow migration, generally toward tlie 
eouth, ae each glacial age developed. During tha interglacial ages 
the glaciated tracts were repopulatcd with at least some of tlieir former 
inhabitants. In the arctic regions, as elsewhere^ the Pleistocene record 
is on© of repeated wholesale shifts of faunal assemblages rather than 
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one of conspicuous evolutionary changes in the animaSs Ui0mselve9+ 
On tlie other band^ col d-c lima to adaptations did appear in such Pleisto- 
cone manimals as the woolly mammoth and the musk ox ^—^adaptations 
that are unknown in the fauna of the preceding Pliocene epoch. 

The only extensive Pleistocene mammal fauna tlins far collected in 
Arctic North America comes from the nonglaciated interior region qf 
Alaska and western Yukon* HerCj in frozen muck and siltj has been 
found a rich collection (Fricks 1930 ^ Stockp 1942^ Quackenbush, l&TO) ^ 
that includes mamma] types both extinct and Mill living. Among the 
extinct forms aro the sliort-faced bear {Arclotkerium y^uki^nensia)^ 
dire wolf ( dirtta) ^ great cat alrose) ^ ground sloths 

and Nothrot^kerium}^ camel (), great bison 
j oviboids (jSymS<?s tyrreUi and B&otherium 
gejiti ), horse (Egims woolly mammoth {Mawmontma primi- 

ffenim)j and mastodon (Afernmu/ americanuvi). Forms still living 
include Uon, peccary, reindeer, moose, bighorn sheep, saiga antelope, 
Rocky Jlouutain goat, and the musk ox- The deposits from which 
the bones are taken have been thought to be of interglacial age, but 
the assemblage of fo^il animals implies such dliferent liabituts that 
both glacial and interglacial faunas are suggested* The ground slotlts, 
l>eccary, camel, and lion suggest a warmer climate than do the woolly 
maurmoth, musk os, and reindeer/ A more extensive Mudy of the 
deposits may reveal that they are of more than one Pleifitooenc date. 

Elephant bones and ivory are widespread in norUiwestern Alaska, 
together with fossil horse, musk os, and beaver (Smith and Mertie, 
1930, p* 21>2). Fossil elephant j*cmains, not genericaliy identified, 
have been found In the Aleutian and Pribilof Islands (G. M. Dawson, 
1894; Bell, 1898, p. 374). Teeth ascribed to the Columbian elephant 
have been found near Edmonton and an an island in James Bay (Bell, 
1898, pp. 3T0, 372)* Mastodon bones have been collected from the 
Moose River near Moose Factory on James Bay and from the district 
Avest of l4ike Winnipegosis (Bell, 189S, pp- 383, 387; Hay, 1923, 
p. 160). Fossil musk ox, reindeer, and seal occur in the younger de* 
posits of Ellesmere Island (Hay, 1923, p. 244) * 

TboBG scattered bits of information hardly provide a firm basis for 
reconstructing a picture of the arctic plants and animals of the various 
Pleistocene ages* All we can say with probability is that during the 
glacial ages the transition 2 one between tundra and subarctic forest 
was pushed far soutli of the Great Lokes region and that during inter¬ 
glacial ages it reached somewhat farther north than it does at present* 
Ting particular zone is recorded not only by fossil plants but by the 

' Evtii Tbc Coliriiiblati Pn’phuit iMmmrnihnn eelurnm l»i» tnm AIarU 
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distribution of the woolly mammoth, outstandingly an inhabitant of 
tins zone. The various musk o:Eeu generally preferred the open 
tundra; in contrasty the mastodon and moose inhabited the subarctic 
forest. 

It k well known that many of the large mammals tli&t inhabited 
northern North America during Pleistocene ages were intmigrants 
from nortiiern Asia via the Bering Strait bridge. The strait is both 
narrow and slmllow^ It could liave become land at one or more timee 
as a result of a moderate lowering of sea levels auch as is known to have 
occurred during eacii glacial age when water was abstracted from the 
sea to build tJie great terrestrial glaciers* A slight warping of the 
earth^a crust m the Alaska-Siberia region could also have converted 
tins shallow strait into land. However the land bridge may have 
been madej there is little doubt that it existed and that over it moved a 
varied fauna into Arctic Nortli America. The arctic region therefore 
was the corridor through which Asiatic manuniils entered the New 
World. 

Ju contrast with mammals on tiie lands, the vertebrate life in North 
American Arctic waters does not seem to have undergone conspicuous 
changes, probably because temperatures were fairly low' during the 
interglacial as well as tlie glacial ages. The chief differences thus far 
noted consist of slight change-s iti postglacial faunal iissrmblagea. 
These changes are attributable to incneased saimity of the eea water, 
as dilution with glacial meltwater diminished, and to decreased depths 
as continuing crustal uplift elevated the sea floors (RichardSi lf)3T), 

Among the mammals that crossed from Asia into North America 
via the Bering Strait bridge was man. He came in several, perhaps 
many, groups, over a considerable period of time. Very likely he 
followed some of the migrating game animals as a hunter^ 

Just where, or through how long a timcj the diffusion of people 
from Asia into Arctic North America took place, k not known* It 
has been established that man was well settled in southern North 
America at the time when the il&nkato expansion of the Lraurentide 
Ice Sheet reached its maximum, roughly 10,000 years age. But how 
long he had been there is still a question. When tliat question is an¬ 
swered, and when Ui© climatic and ecological circumstancea of tlie 
whole immigration become known, the arctic region will undoubtedly 
BBsunie a new and important perspective in tlie history of man m 
America. 
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[WitbQ (plAtn] 

Usu VoiJCANO, which hnd been in n dorm tint state since 1910, again 
became active at the end of 1943 and in the following 2 years gave 
birth to a new composite volcanic dome, or mountain, now called 
Svowa Sinzan- This dome is one of the rare examples of a volcano 
whose growth and history have been traced by eyewjtnessca from the 
very beginning of its birtlL It is, moreover, unique in the mode of 
its formation, quite different from Parkutin Volcano in Ilexico, for 
example, also born m 1943, which Is an ordinaTy basaltic cone with 
lava flows. 

The seat of the new mountain was once, like Paricudn, a coruBeld, 
called Kunmntubo. It is now covered by numerous boulders and 
blocks of lava and presents a dismal scene* An upheaval of the 
ground fissured the cultivated lands at the eastern foot of Mount 
Usu in the early months of 1944. This was followed by more rapid 
uplift in the gently sloping and partly cultivated ground adjoining 
this area on the north early In ApriL Late in June, while tliis up^ 
heaval was still in progress, volcanic explosions begim in the central 
part of the rising mass which, during the succeeding three months, 
formed successively eeveit small crater lets by the ejection of small 
quantities of pyroclastic matiwials^ About the middle of Noveniber 
tlie ground in and about the craterlet? began to be pushed up en masse 
by the protrusion of a column of red-hot viscous lava to form several 
huge lava masses separated by narrow crevict^- In the ensujng 10 
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montlis this protrusion grew into a masslro dome rising above the 
previously elevated ground. 

The final result of this new activity of Usu vras a double volCHnic 
dome. The first dome, formed by the upheaval of the old ground, 
is about 200 meters wide and 1,000 meters in diameter and lias ter- 
racelike forehills. The second dome, about 150 meters above the 
first dome and 300 meters in diameter at its base, is formed by the 
protrusion of a column of primitive viscous lava. 

Ever since the discovery of laccoliths by G. K. Gilbert in the 
Heniy Mountains in the United States, the po^ibilil? of a local 
upheaval of the earth’s surface has been suggested. Several cases of 
remarkable upheavals of land about a crater of eruption, have actually 
been observed. Such a case was the ertiption of Usu in 1510, when a 
land mass 3 kilometers long and three-fourths kilometer wide at the 
northern foot of the volcano, on the shore of Lake Toy a, was raised 
a maxittm of 155 metera The present activity of the same volcano 
supplies another and more striking instance, proving that a land mass 
can be domed by the force of the slow rise of an underling visooua 
volcanic magma. 

The renewed activity of Usu offered a good opportunity for the 
study of the mechanism of the birth of volcanoes in which a feltic 
magma (dacite) participated. Because the country was in the midst 
of war, the volcanic activity was not investigated by a large, well- 
organised erpedition, but its main events were observed at intervals 
by persons from several research institutes, including the Earthquake 
Research Institute and the Geophysical Institute, Tokyo University; 
the Central ifefeorologieal Observatory; the Geophysical Institute 
and Petrological Institute, Tohoku University; and the Geological 
Institute, Hokkaido University. 

PREVIOUS ERUPTIONS 

Usu Volcano is situated in the southern part of Hokkaido, nearly at 
the north end of tlie Nasu volcnnic eone, which traverses the central 
part of the main island, Honshu, to the middle of the north island, 
Hokkaido. 

According to ancient chroniclefl, Usu erupted four times prior to 
18r>4—in July 1002, December 1763, November 1822, and March 1853. 
All these eruptions took place on the upper part of the southern slope 
of the somma, or large depression crater on the summit of the volcano. 
A later striking eruption took place at the northern foot of Usu in 
July-August l&lO. No other information concerning the vokanie or 
seismic activities of Usu Volcano is available for tho years since then. 

But Usu Volcano had a long history previous to the events recorded 
in the chronicles. On the basis of studies by Z. Harada and S. Sasaki, 
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be confildercd to Lave been formed in the 
Its: (1) Formation of the main cona and 
thene andesite lares and fragmental eje^; 
I cones of hypersthene dacite lava, O-Usn 
' (3) an explosion at the loot of 0-TJsu, ao- 
down the sontliem flank of the main cone; 
mt of Ko-Ueu in 1823, with a mud stream 
tern side of the mountain; (S) an explosion 
153 in which part of tJie dome was blast^ 
■nntion at the north foot of the mountain in 


eruption of UHU VOlXTANO—SfENAKAMl ET AL. 

the succession of events in the geological history of tlie area about Ura 
may be summarized as follows: (1) Eflimon 

T<jleano^ in Jliocenfi and pre-Miocene tunes; . 

Toyoura formation, consisting mainly of green tuff and tufl b^a 
in Miocene times; (3) effusion of andesite lavas during Phocene times, 
(4) deposition of the Kusutu formation (gravel beds, and volcame ash 
ind p^ce) in early Diluvial; (6) uplift of th® and m DUunal 
times; (6) depression of tlie Toya caldera m late Dibvial time; (7) 
formation of L two volcanoes Toya-Nakarima and Usu smoe the end 
of the Diluvial, or early Becent. 
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IdlO, during which the ground wns elevated and 45 new craterlets were 
deve]o])ed; (7) the eniptton in 1&43-45, with the biiih of a new eaonti' 
tnin, Syown Sin2nn. 

The newest activity of Usu begun on the evening of December 2S, 
ID4^, with a series of sevei'e earthquakes at the northwestern foot of 
the mountain, and essentiaily ended in September 1945 upon the 
completion of the growth of the newly formed mountain. Tlie deveh 
opmeht of the recent eruption falls into three stages of activity; (1) 
The pre-emption stage, from December 28,1943, when the first earth¬ 
quake was felt, to June 22, 1944; (2) stage of paroxysmal eruptions, 
with the formation of small eruptive craters, from June 23,1944, when 
the first explosion took ])1ace, to October 31, 1944; and (3) the birth 
and developtnetit of tlie lava dome from November 1, 1944, to Sep- 
tenibrr 1045. 

PRE-EJtUPTlON stack 

The recent catastrophic activity started with the first perceptible 
earthquake on December 28, 1943. This was followed by numerous 
succeeding earthquakes, which for 3 days increased in frequency and 
intensity. Aliltuugh these earthquakes were perceptible throughout 
the wliole area around Usu Volcano, tlie shocks during December and 
the early jiart of January were felt most strongly at Toy a Hot Springs 
at tlie northwestern foot of the mountain. As a result of these shocks, 
some damage was caused to water pipes and plastered walls of dwell¬ 
ing houses at Toya Hot Springs. Other earthquakes, felt only at 
Yanagihara and Kumi-Osaru located near the eastern foot, of Usu, 
increased in frequency and intensity and continued without diminu¬ 
tion until the middle of April. During the period from December 28 
to January 5 the earthquakes were felt more frequently At the north¬ 
western base of Usn {Toya Hot Springs), but later the seismic activity 
was more marked at the northeastern village of Sobetu. Accordingly, 
it is evident that the hypocenters of the shocks shifted from the 
north western or cen t ral part o f Usu to its eastern foot. By comparing 
the perceptible areas it was apparent tliat tlie earthquakes originating 
in the first area were deeper than those at tlie later place. And rum¬ 
blings accompanying the earthquakes were most strongly heard at 
the northwestern skirt of the mountain during the initial seismic 
activity but were more freqtiently heard in Yanagihara and Kami- 
OsAru after the hypocenters bad shifted toward the eastern foot of 
Usu. 

Soon after most of the earthquakes were localixed at the eastern 
mde of Usu, a most remarkable phenomenon occurred. The ground 
about the epicenter of the shocks began to rise rapidly. The mods, 
railways, irrigation canals, and the Osaru Biver and its tributaries 
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here run from north to south. As a lestilt of the upheaTal of the 
jn-ound that now took place the roads and other passages were cu o 
bv cracks and dislocations in the ground, the urea 

p’aasable. The underground waters, too, were cousiderably di^urbed. 
Villacers in the disturbed urea do longer had water for dniilnng an 
irrigation, while in the adjoining Tillages the wells and fountains 

to the middle of April the rising area stretched along 

the Komi-Osaru-YanagihataTo&d fora distance of 4 kUcnn(ster3> T e 

greatest rise, as detemuned bj leveling, was 16 meters, or at a ® 
30 centimeters per day. Just at this stage the l«u3 of rising 
about a kilometer toward the north from Yanagihara to H^ato and 
the adjoining cornfield at Kumantnbo, where numerous cracks of van- 

ous size and disposition were formed. 

As soon as the rising area had shifted northward, the earthquake^ 
which are believed to have had an estremely shallow origin, occui™ 
directly below Hukaba. After the middle of June more than 100 
shocks per day were experienced there and reached 250 ah(Kks ™ the 
day preceding the first paroiystnal esplosiou, J une It is needless 

to say that during this early shige of actiTvty, which had now en 
dured for 6 months, the irlinbitants of the area were citiemely un¬ 
easy, wondering when volcanic explosions would occur and where e 
craters would open. Ttie maximum upheaval daring this stage 
reached a height of 50 meters. 


STAGE OF PAROXYSMAL ERUPTION 

On June 23,1944, the eruptive column of the first explosion was ob¬ 
served, rising noiselessly from Uie northwestern comer of the corn¬ 
field at Kumantubo. This explosion gradually increased m intensity, 
hurling mud, ashes, and blocks of rock from a newly formed crater. 
Simultaneously e mud stream flowed from the crater, pouring into a 
nearby depression to form a pond of mud and hot water. After 
several hours of recurring mud flows the eruption came to an enti, 
leaving a calm pool of hot, muddy water in the bottom of the crater. 
Aft-er u few houi^ of quJesceiic^, st^xiTi again begtifi risa an ae ivi y 
was resumed with the spouting of muddy water. The activity con¬ 
tinued variable; at its height blocks were thrown as high as 800 meters. 

A strong explosion of similar type occurred on the morning of J^e 
2T, when a second vent opened near the first. Activity m le ^ 
crater gradually diminished, the muddy explosion shifting to tlie 

new i 

live eruptiTa actmtj bore a striking ro^mblance to the pienom 

eiion of a geyair. It appears tlii^t these muddy eruptions 
caused bv the pressure of gases emitted by the fresh lava but y e 
pressure‘of steam generated by the heat of the new magma. Since 
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there ia no need here to d^nbe the medhamsm of geysers, it will suf¬ 
fice to suggest the source of the water of these mud eruptioiiB. Ac¬ 
cording to the inhabitants of Hukaba^ a group of springs formerly 
existed at the village, the water of which was used in the hatching 
ponds for salmon and trout, because of its constant temperature and 
abundant supply throughout the year. There was also a fountain 
that supplied drinking water to the farmers in the cornfield. Both 
indicate an ample source of underground water in the area. 



ASH EXPLOSIONS 

On July 2 tremendous explosions lasting about S hours spread a 
large amount of ash over the surrounding terrain. The total amount 
of ejecta for these explosions was estimated at 2,000,000 metric tons 
and the energy expended at 1.4 X10** ergs. Hus paroxysmal explosion 
was, both in volume of ejectamcnta and in intensity, more furious than 
the numerous explosions that succeeded it. Another severe explosion 
occurred the next morning, ejecting material estimated at 100,000 
metric tons over a large area toward the southwest side of Usu. But 
no new crater was opened by these two explod ons. A fter these marked 
outbursts, further strong explodons did not occur until July 10, al- 
th^gh cohunns of steam were intermittently observed from Sobetu. 

The abundant ash which fell upon the area did much damage to the 
corn and potato fields, and the inhabitants of Hukaba were compelled 
to abandOT their homes and take refuge in other parts, carrying their 
household irith them. ^ 
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After the early eruptive outbreaks of July, moderate and violent 
paroxysmal eruptions occurred successively for more than 3 months 
until October 3L The main explosions were dated as follows: July 
U and 15, August 1, B, and 20, September 3, 23, and 27, October 1,16, 
and 31. On July H, a new large crater (the tliird crater) was opened, 
and thereafter the issuing vapor increased remarkably. The fourth 
crater was formed on August 26, the fifth ono on September 9, the 
sixth and seventh ones in October. All the cratera were arranged 
in an arc opening to the north. The seven craters opened close to one 
another; the earlier ones were buried under the detritus and ash of 
the later explosions, and after September 1W4 they hardly cetamed 



their original forms. Uo incandescent bombs and blocks wore found, 
but the blocks, ash, and mud ejected in later eruptions had a higher 
temperature the earlier ones of June and July, Several of the 
craters were dry, indicating a temperature higher than boiling water; 
others when active always contained hot water. 

During August and September, when paroxysmal eruptions ^ 
curred, blasts loaded with heavy ash occaaionally d^ended on Nisi* 
kohan village, 1 kilomcternorth of the craters, breaking window panes 
and even oc^sionally blowing off the roofs of houses. Fortunately, 
these ash avalanches were not sufficiently hot to ignite wooden mate' 
rials, but only in this respect did they differ from a “nu^e ardcnto” 
(hot avalanche). It seems that the genesis of the hot svalanchea is 
mechanically related to the existence of the "belonite” of the ‘‘crypto- 
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dome” of solid lava, as yet uxtrevealed, and that the phenomeKOD de¬ 
pended on the direction mi tally taken by tlie ejected materials. A 
plug or cover dosing a crater ^‘ent prevents juvimile gas from free 
exit into the air. Accumulated gas sometimes tries to esca^^e from the 
plug's marginal foot, and accordingly ejected materials may be shot 
out ob]i<]uelj. Or the gas may move the pitig or the cover by its 
strong pressure, and squeeze through some newly formed weak 2one 
along the marginal side of the plug. In each cases the initial direc¬ 
tion of ejected materials ts not vertical, but oblique. Tliere was such 
an indined vent in the Ansei crater of Koinagatake Volcano, wheto 
ash avalanches occurred in 1942. In oilier cases, as in the 1902 
oruptiou of Pel^e, the hot avalanche (num ardente) was caused by 
the abrupt exposure of the Incaudescent interior of the newly formed 
lava dome, and its destruction. As a result, lava blocks of larger 
size would roll down along the steep slope in the form of a landslide, 
accelerated by gravity, and tlie escaped vapor, containing dense, fine 
materials, both at high temperature, would rise into the air by 
adiabatic expansiofl. 

During the paroxysmal eruptions from July to October, extremdy 
sbollow earthquakes took place at Hukaba, immediately below the 
rising area. The epicentral areas, mcluding the newly formed craters, 
continued to rise without cease. Toward the end of October, the 
cornfields, which formerly were 130 to 180 meters abo™ sea level, 
were now nearly 100 meters higher and formed a fiat dome-shaped 
mountain about half a kilometer square in area. 

By the end of October the dwelling houses of Hukaba village nnd 
the roads passing through tlie village were entirely devastated, more 
by tiic severe rise of the area than by the deposit of ash and other 
ejecta. The railway running along the east foot of the newly formed 
mountain was dt^royed, first by the cracks and the upheaval of the 
ground, then later by a lateral movement from the active center. 
Ah a result, tlie roads and railways were compelled to move 60 meters 
and 20 meters toward the east, llic Sobetn River, running paraUcl 
to the railway, was dammed by the upheaval of the river bed to form 
a temporary lake 1 kilometer long. Owing to the changes in the 
courses of tlie running water on and around the rising area, mud 
streams cairyiug osii, soil, and detritus, especially after a heavy rain, 
came down from unexpected directions and ravaged the downstream 
area. 

BIRTH AND DEVELOPMENT OF THE LAVA DOME 

Early in November the paroxysmal eruptions ceased, and soon 
one could see from Xisikohan a black mass close to the site 
of the craters. By the middle of December this appeared from 
Sobelu like a peak of pyramidal sliape. Ten months after the first 
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precursor earthquake, the lava at last appearedt extraditig as a solid 
from the earth’s surface. It grew more and more as shovrn m hgure 
4, its development accompanied by numerous carthquakea and merked 
deformation of the topography. According to seismometnc ol^rva- 
tions these earthquakes differed greatly from tiiose previo^ly ob- 
served. According to observations by Mimntsu, postmaster of bo^tu 
village, a black conical tower, about 25 meters in height, could first 
be distinctly made out on January 10,1945, during the few days when 
it stood revealed from the enveloping white smoke. top part in¬ 
clined to the north at tho end of January but soon tilted to the south. 




■i' ^ 

I [ 4 ras 




Ficuav 4.-Profilc of itie nrw mount nn. Syow. Siniin- 

rock.; 3, volciifik tied.; 4. n^ud; S. volctHC «bc; 6. U.1 d UIU, /. cj»y, 

8, bedt; % (uff; lO, Takinouf kt*. 


Glowing lava could be first observed in the crack opened at its 
nortliem foot on February U. As the cone g«w larger, spots of 
red-hot lava could be seen. Especially at night several bright red 
spots on the sides of the dome gave a wonderful sight to inhabitants 


of Sobctu villngc^ . , 

Thus the solid lava continued to rise about a meter a day, with 
marked trcpidadori during the early stage of development. In May 
a branch lava mass appeared at its west side. At the southwest side 
of the dome, a reddish glovelike mass of rock about 50 iiietera liigh 
stood separated from the main boilj by a fissure at a pla« where many 
solfatarus vigorously ejected gases. It was Sangoiwa 

(meaning coral rock) frara its form and color. The dome did not 
ffitiw unifomily as a single mass, but diftereiitially or independently 
in divided bodies. The division of Us top part may tmve resulted 
from fissure planes opened in Uie cap rocks by heavy friction after U 
was solidified. This new dome is within the arc of the seven cratei^ 
with the periphery of the dome in contact with the erntera. 













270 ANNUAL REPORT RUITHSONIAN INSnTDTION, 1053 

Owing to iJio eavere explosions, thick tuffsceons debris, clayey ma- 
teriaJ, and other ejecta accumulated on the surface of the upheaved 
area co?ering the grea ter part of the dome’s surfac& Where lava w as 
exposed the color of its incandescenoe indicated a temperature of at 
least 1,000” C. 

I^^utnotous severe earthquakes in the pre-emption stage took place at 
depths ranging from 8 to 7 kilometers under the southern side of the 
Usu volcano, but with the development of the eruption, the depth of 
origin of the earthquakes came progrtesively nearer the earth’s sur¬ 
face at the small area where the cratexlets opened and the lava dome 
formed. 

THE NEW MOUNTAIN 

This newly formed mountain is now composed of two distinct parts: 
a nearly drculnr platform, called the ”roof mountain,” and a conical 
rock projection above it, called the “dome.” 

The roof maimtain is a nearly circular platform about 800 to 1,000 
meters in diameter, surrounded, except for its western side, by slopes 
of 20” to d0“ inclination. Its surface, coiresponduig to the original 
teiram, is undulating and coveted by numerous boulders and hlm-lrg 
of lava. The roof mountain Is chiefly composed of tl»e old somma lavas 
of Usu, and it is interesting to note that Takinoue lava, winch forma 
the lowermost basement of Usu Volcano, is exposed in the highest 
part of the roof mountain. The eastern £ank of the roof mountain is 
surrounded by an elevated terrace (or “front mountain”) about 70 
meters above the old alluvial plain of tlio Osaru and Sobetu Kivers. 
Toward the middle of July 1044, when the paroxysmal eruption was at 
its height, it was noticed that the ground around the base of the new 
mountain began to rise abnormally. It developed rapidly and the hori- 
sontal displacements in the radial direction were accelerated as the 
lava dome grew. In May 1045, a hill in the form of a ring or a half- 
ring, the “front mountain,” was formed at the margin of the roof 
mountain. Judged from morphological itiv^^tions, the “front 
mountain” is built up more completely at its eastern part, which in¬ 
cludes the former ricefields of soft material, than at the other part, 
which is formed of firm materials such as the Usu lava flows and the 
Takinoue lava. Obviously, the hill of ring form was built by pres- 
eure acting laterally from the center of disturbance, the intrusion and 
protrusion of viscous lava, and resulted in an abnormal upheaval 
nearly 20 meters high, but still retaining the original surface of the 
ground. At gullies formed in the front mountain, we cun observe the 
warping, folding, and the thrusts of small size caused in this manner. 

The dome of extrusive lava is situated a little west of the center of 
the roof mountain and is about 150 meters higher, its summit being 
405 meters above sea level. Its eastern aide is an abrupt precipice with 
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bDirt slabs of lava surrounding a central cote, like the Efodes of a lily 
conn about tlie central bulb. The thick layers covering the surface 
of the dome have numerous concentric cracks, emphas^ng )ta ®bo - 
Lke structure. The surface shows many parallel striatioiis caused 
by the intense friction experienced during the upheaval of the dome, 
The greater part of the dome is covered by thick layers of clayey 
materials, which are mostly burnt into a Teddish-brown bncklike sub* 

tanoe by the heat eman ati ng from the lava. Tnffa^ua beds are also 

common. The presence of gravels on many parts of the dome deserve 
sp^ci^t mentton; oFeti the vety summit is cro^raed with beds of grairt 
end sands 2 meters thick, bo that the surface mepoaurea of new lava 

are greatly restricted, , . - 

It is remarkable that the new lava is everywhere brok^ into 
lar fragments by numerous crocks, suggesting that it did not solidify 
in situ but hod consolidated during its rise from the depth^ and was 

fragmentedduringtheupward movement of the mass, Ontheeurface 

of the dome are many elliptical or irregular crevices several metera m 
diameter, with incandescent interiors. These crevices emit vapors and 
gases vigorously and deposit beautiful bluish-green, ycllowiBh-gr^n, 
purple, and dark-gray sublimation products on the surrounding 

By the end of 1945 the roof mountain and the dome ceased growing 
and were completely formed- Then, too, the earthquakes and the de¬ 
formations subsided. The eruption of Syowa SinKan, which had en* 
dured for 22 months, essentially came to an end. 

Since the completion of the new mountain, no further remarkable 
change has been experienced. A small explosion occurred on May 2, 
1948 formmj:; ft iiew craterlet. The smoke that issued from the laftW 
mountain diminished gradually, and in August 1946 we could dimb 
up on the dome, gulfataras around the dome became less active, hut 
several fumaroles with vapor tempemture of 95.5“ were formi^ at 
the south side of the roof mountain. TemiJerat^ of the new lava, 
however, seems to bo not much lower than at its first appearance. 
Ishikawa measured the temperature of the dull ^ leva exposed at 
the west foot of the dome in November 1950 at T80* C. 

Small depressions were gradually formed at several places on the 
roof mountain. Loose materials on steep slopes of the roof motmtam 
sometimes fell down to its foot And after the cessation of volcamc 
activity, water began to well out from the side of the front mountaiit 
near the site of the old springs at Kukaba, Its temperature measu^ 
about IB* C, in November lOBO. A pond that formed re a depression 

near Matumotoyama in June 1944 has evaporated. 

No noticeable earthquake in the area has been felt since Oc^ber 1945, 
hut weak tremors were recorded 29 times in 1951 on a seismograph 
placed at Sobctu village by the Sapporo Meteorological Observatory. 
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PETROLOGIC NOTE 

Tlie new lavn is n hypersthene dncite with sporAdic phenocrysts of 
andesine and hypersthene in a fine-grained groundmasA. In spite of 
a silica content ns Ijigli os fiD.7 pei-cent, phenoerystic qnartK is aljsent, 
and its place is (represented by the abundant presence of quflrt 2 and 
rrislob&lite grains in the giroundmass. 

It is noteworthy that the new lava closely resembles the lavas of the 
central cones 0-Usu and Ko-Usu, in mineralogical os well os chemical 
composition, thougli there is a long time intert^al between the forma¬ 
tion of these domes. These dome lavas are, however, entirely differ¬ 
ent from the mo(^ mafic somma lava of Usu Volcano, a basaltic ande¬ 
site with silica content os low os 53 percent. Lavas of intermediate 
composition are lacking completely in this volcano. 

It is unknown iiow the felsitic dome lavas were derived from the 
original mafic magma. It is evident that there has been no dtfer- 
entiation within this felsitic portion of the magma reservoir through¬ 
out this long period siitce the formation of Ko-Usu dome. This is 
striking when compared with Paricutin Volcano lavas, which show 
a noticeable change in chemical and mineralogical compositton within 
die course of only a few years. 

The preceding description shows that the recent eruption of TJsu 
has many striking features, such as series of severe earthquakes, 
marked topographical deformation, violent explodons, and eitrusion 
of solidified mass of juvenile lava. Such remarkable characteristics, 
quite unusual in many other volcanoes, are common in thig volcano, 
as is clear from the inspection of previous eruptions. 




Repnma of the variDiu articles in this Report may be obEaiijed, as long as 
the supply lasts* on request addressed In the PivisLcu of Publicaliona. Smith¬ 
sonian Institmion. Washington 25 , D. C 





Snails and Their Relations to the Soil' 


By Haklet J. Vah Cleave 
Depaitmiin t>i Zootosr, Vmvenitj 9} Mium. UffcoAc 


[Wltb I pUte] 

THE CHANCING EARTH 

PovuLARLT, filFeams and lakes or ponds ftra very eomwonly thought 
of &s relatively permanent features of the earth’s countenance, evm 
though physiogi^aphy teaches that they ore but temporary aspweta m 
a series of sucoessional changes between water and dry land. By 
erosion, soils art washed into lakes and ponds from the surrounding 
land. Ultijnately, tlie slmllow water at the margin with its fised vege¬ 
tation encroaches upon the open waters which, at the same time, are 
becoming shallower through the accumulation of silt at the bottom 
of the lake. If tlueae processes continue, the lake is gradually ti^s- 
formed into a nmrsli or swamp land and there results an intermediate 
stage between the purely aquatic habitat and dry land, Snaila of 
many species thrive in the shallow waters at the margin of a lake or 
swamp where vegetation is abundant enough to provide thent with a 
constant food supply. They Uve their relatively limited life span, 
nnd after death the empty shells accumulate in the ooze at the bcttoni 
of the [)ond. The lake bottom thus becomes an admixture of soil and 
organic debris, washed in from the surrounding land, and the resi^ant 
lomains of the organisms that once lived in the lake. Ultimately, m 
the processes of nature or by will of man, the lake may revert to dry 
land Then the content of the old lake bottom is exposed for easy 
inspection and the sliells w hich have been accumulating for ages aro 
exposed to view. The interpretation of these deposits of limy sliells 
involves an understanding of tiie varied conditions under which snails 
live and likewise consideration of the agencies responsible for their 
accumulation in the soil, where their influence on a^culturc has long 
been recognized. Regarding the agnificancB of lime m apicultu^ 
Ituog (1038) has said, “It is not too much to say that it must be 
considered the very backbone of profitable crop production, soil con- 


’ Hepf latnl bf Pfralvloa fntm it* Blologljt, 34, Non. 1 s, Et[itriutiep-D*e«iilw? 
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seiration, and permanent agriculture in the hxtmid regions of this 
country.” 

IMPORTANCE OF UVINC SNAILS 

Biolo^caliy^ snails hare many important relationships in addition 
to their effect upon their physical enrironment. They have long been 
recognized as important elements in food chains. Living chiefly on 
vegetation, they in tnm become food for fishes and a great variety 
of other animals and thus in an endless cycle they keep much of the 
organic material of which their bodies are composed passing from one 
incarnation to another and at the eame time much of the material 
from their dead bodies and their wastes are continuously bridging 
the gap, back and forth, within the bodies of plants and animals* 

In their capacity as necessary hosts for the digenetic trcmstodes, 
which live as parasite in all the classes of vertebrates, snails have 
peculiar biological significance. 

It is an indisputable fact that food wastes passing through their 
digestive tracts have significant effect upon the organic content of 
the soil and of the water in which snails live, but there liave been no 
qnantitative studies paralleling the classical work of Charles Darwin 
on the effects of earthworms in the production of vegetable mold. 
Interesting as these aspects of relations between snails and their en¬ 
vironment may bo, they will be omitted from the present discussion and 
attention will be restricted to the role played by snails through the 
addition of lime to the soil. 

RELATIONS TO 5URROUN DINGS 

While some species of snails have very broad tolerance of conditions 
under which they will live, there are many species which are sharply 
limited by their physical surroundings or by their necessity for asso¬ 
ciation w ith part icular types of living tb ings. Tli us, among the wat er- 
dwelling snails, some of the forms of the old genus Pkysa whicli 
breathe through a lung sac can prosper in water that is heavily pointed 
by sewage {Physa analinti) and at times become abundant even in 
sewage-treatment plants (Brown, 1037). Other forms of the same 
genus (e, g., Physa gyrina hUdteihina) occur only in pools, while 
still other closely related forms {Physa gyrina gyntia) are character¬ 
istic inhabitants of more swiftly moving streams. Among the snails 
that dwell on the land, there is even more pronounced limitation to the 
conditions under which many species will liva (Baker, 1039). One 
species {Discus yatu^us) is mvoriably associated with woodlands in 
which beech and maple trees are growing. This species is considered 
oa an invariable associate of what ecologists term the beech-maple 
forest. It is not that Discus feeds upon either beech or maple, but the 
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conditions of soil and of climate faTorable to these trees are at the 
Sanaa time the Bet of conditions demanded by Pitcus. There ate many 
other snails which are usoal associates of particular knida of plants 
and animala because the latter proride tbe natural food for the snails* 
One of the commonest woodland snails of central Illinois is Me^od&n 
thyroidui which will feed upon a wide variety of regetation but be¬ 
comes particularly thrifty and abundant where woods nettles grow 
in profusion (Foster, 1937)* Some land snails have feeding habits 
wholly dif erent from that j ust mentioned. B"or example, SaphtreTna 
is carnivorous and lives largely upon the flesh of other 
snails* Physical surroundings are less important m the life of the 
last-mentioned species, just bo long as a supply of snails is available 
to serve as food. 

Many land snails are indicators of the physical condjtions under 
which they live (Baker, ISSI)* Their soft bodies are best served 
by relatively high atmospheric moisture so that moist ravines sheltered 
from the direct rays of the sun are particularly favored habitats and 
many Ei>ecie3 become especially active at night and during tains. 
Some of the land snails (as, for example, some species of the genus 
Succinea) are so exacting in their demands for moisture that they 
live a truly amphibious existence^ remaining only a portion of the 
time out of water and always close e^iough to water to be able to 
return to it if they become too dry. Even when snails Uve in exposed 
situations, such as in open flelda and along railroad embankments, 
or under desert conditions, they tend to conserve their moisture by 
crawling under objects lying on tbe soil, or even live in the roots of 
the vegetation. Further, many land snails are able to cut down 
evaporation from their bodies, when inactive, by secreting a tough 
membrane, the epiphragm, effectually sealing over the aperture of the 
shell* 

Whether in the water or on dry Isind, the sheila of dead snails 
often resist destruction for a long period of time and under proper 
conditions they accumulate in extensive deposits (ph 1). By the 
study of these deposits, which often represent forms of bygone 
geological age, tlie student fotnibar with the habits of living snails 
is often able to analyze the conditions under which each apeciea 
probably existed. In fact, at times it has beau possible for the special 
student (Baker, 1937) to postulate the general temperature range and 
oomctiling of the ecological conditions of the environment under 
which the animals which produced the dead shells lived, even though 
that might have been at soma remote time, several tliousand rears 
in the past. With a considerable degree of confidence, Frank C. Baker 
{1&37) postulated the climatic conditiona and the ecological associa- 
tions for some of the molluscan faunas of the ice age. In Ms studies 
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of shells of the Pleistocene age, he found among Illinois deposits some 
ppecies which are identical with forms dwelling in the same area 
today but he also found some EJiells i^prescnt ing speciea the only living 
varieties of which lu-e today found nt latitudea considerably farther 
north. A knowledge of the habits and living conditions of present- 
day forms has been helpful in interpretation of the conditions under 
which similar forms of past age^5 probably exist4^(L 

Wlien the Chicago Drainage Canal was constructed, Baker (lt)30a) 
was able to study the evidence of the rnolluscan life in old glacial 
I^ake Chicago, the forerunner of Lake Michigan, and could demon¬ 
strate fluctuations in lake level, changes from swampy to lake condi¬ 
tions, and from deep to shallow water. 

The glacial advances and retreats of the Pleistocene Epoch pro- 
fonntMy affected all life^ including the terrestrial as well as the fresh¬ 
water Afollusca (Baker, 1030b). Following an advance of the ice 
sheet, all life was killed or was driven southward, causing a com¬ 
mingling of arctic, subarctic, and temperate life south of the border 
of the continental ice dieeL During the warmer interglacial inter¬ 
vals, this life again returned to the territory left bare by the retreat¬ 
ing ice just as rapidly as the vegetation essential to its existence became 
estublished« In tlic series of repeated invasions by the glaciers, there 
were successive decimations and repopulations in the same area. The 
reoccupied territory, left bare by the retreating ice, was usually 
entirely different from that previously existing. Such radical 
changes had profound influence upon the kind of plants and animals 
that could become successfully established in the area* Changed 
climatic factors also contributed to the altered conditions for life* 
Under the combined action of these factors, some species became ex- 
tertnianted while others were stimulated to undergo variations which 
led to the production of new species. For the glaciated part of tlie 
United States, it is estimated that 74 percent of the mammals of pre¬ 
glacial times are extinct It should be remembered that 1 to 5 mi 11 ion 
years are estimated as the period in which this was accomplished. Of 
the fresh-water, gill-bearing snails, 13.8 percent are extinct; of the 
fresh-water pulmonates, 8.3 percent, and of land snails, 11*1 perctixL 
By way of siinimary for the entire areii, about 7.8 percent of all 
animal species became extinct. 

In acid waters, snails and mussels are almost wholly lacking and the 
small numbers of unthrifty individuak which are encountered m 
either natural or artifically produced acid waters have either extremely 
thin shells or, if the acidity h due to recent pollution, die limy mate¬ 
rial is eaten away wherever the organic covering has been broken by 
natural abrasion or by accident* 
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SSAILS AND THE SOIL—VAX CLEAVE 
UME SUPPLY 

Wollusks are so intimately deiiendcnt upon a lime supply for tlio 
fabrication of their limy sliells that among fresh-water forms some of 
the poorest molluscan faunas are encountered in the areas poor m 
limestone but rich in giauite. This correlation is so c o^ that co - 
lectors of land sliells have long rwognisfed limestone cliffs and out- 
crops as piirtkwlarly favorable collecting sites for living land snai s 
and streams flowing through limestone or through soils rich us linio 
MS particularly productive of snails and mussels. 

Snails, living imd dying in the same place, little influence the lime 
siiipply, for the limy (miteriiil whidi they use is sooner or later return^ 
to I lie soil opiin, and tlie lime cycle is repeated over and over within 
iird without the sliells of the living snails, When tlie sliells disinte- 
■rnite, the lime which had been temporarily entrapped is agom re- 
rurned to the general store. No quantitative studies hyc been made 
to determine if there is any dissipation of the available lime supply 
in tills cyclic utilization of lime by the living organisms. 

The late T D. Foster (1037) recorded for a flood-plain forest along 
the Sangamon River in Illinois the presence of 2,630 individuals of one 
species of land snail {MrJiod<m thyroids) per acre. Though there 
are about a score of species of snails present in this same area, the one 
species la the most abundant and relatively the most important w 
far os production and utilization of lime is concerned. On the bams 
of weights which Foster calculated, about 163 pounds of 
thvToidm are present on each acre of tJie woodland studied. Of this 
weight, about 140 pounds are of snaii tlesh and about 29 pounds arc 
of dry shclh This does not represent the entire annual accumulation 
but rather the amount present at one time in tlie shells of living emirls 
as determined by sampling methods Because of the cyclic flurtua- 
tions in abundance of all types of organisms, figures of this ^rt have 
but relative value, for at another time either greater or less abundance 
might be demonstrated (Foster and Van Cleave, 193*). However, 
Oie presence of the snails is an indicator of available lime supply ana 
in turn their shells after death return lime to the soil as potential 

material for use by other organisms, 

To a much smaller degree, the sliells of zonitoids, pupids, and other 
minute snails living in grasslands utilize the available lime and return 
it to the soil, although quantitative studies on the losses in the transfer 
and by action of ground water have never been determined. 

SHELLS NOT STAnONARY 

In refciring to the intimate relationship between the 
fauna and their physical and biotic environment, attention should bo 
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directed to the the fact that deposits of shells are found in eDTlron- 
ments different from those in ’which they originated. There sre many 
factors responsible for this fact, but the chief of them may be grouped 
under two headings: (1) transJocadon of the dead shells and (2) 
pbjsiographical changes of the earth^s surface. 

TKANSLOCATION 

Water, 'wind, ice, and human agency aro the chief factors in transi- 
location and accumulation of dead shells in areas other than those in 
which they originated on die bodies of living snails. Both recant and 
remote geological times have contributed to the stock of shells now 
found in the soil and, tlirough the agencies for tranatocadan, shells 
from past ages may become elements in the construction of soils at the 
present time where they may be mixed indiscriminately with shells 
recently produced. 

Wafer.—Many limestons deposits include fossil shells of snails and 
clams of long-past geological ages along with the remains of muld- 
tudes of other organisms having limy skeletons, such as die corals, 
certain types of Protozoa, and echmoderm& These components of 
the sedimentary limestones pro’nde deposits of lime udlized by modem 
moUusks in tlie production of their shells. These same limestone de¬ 
posits are utilized commercially in the production of limeatotie for 
agricultural purposes. Here the shells of snails, clams, protozoans, 
and corals of geologically ancient oceans provide a renewed source of 
lime on lands where weaLbecing, leachhig, and cropping have depleted 
the natural supplies, Much of tlie lime now available in fresh water 
thus comes from the geologically old lime deposits, largely of marine 
origin. Ground water, flowing over and through the limestone^ dis¬ 
solves the lime and makes it availuble for the aquatic animals In fresh 
water. 

Another type of translocation by water is that in which running 
water carries dead shells and lays them down in a new location either 
at the bottom of a lake or pond or along the margins of streams. If 
the water carries much abrasive material the shells may be ground 
flne and mixed with the mud and Eediment, though often they are un¬ 
injured. When the course of tbe stream is dianged, through natural 
or human agency, or when the bed of a lake or swamp is drained, the 
accumulated shells are exposed as marl deposits and attract more at¬ 
tention than they could while covered with water. 

Surface 'waters on rolling lands often tend to wash dead land shells 
into gullies or against obstacles such as the stems and roots of grasses 
where definite windrows accumulate awaiting deenmposition or 
farther translocation by other agencies. In fact, an examination of 
gullies and hillsides often reveals to the collector dead shells which 
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hAve been washed down from higher grounds where ooloniea of living 
snails may be located. 

TKinii.—^Winds are likewise effective agents in transporting dead 
shells. The evidences in support of this statement come largely from 
past geological times. Fine sands and shells from some preliistoric 
dustbowl were carried great distances by the winds and were then 
laid down in the characteristic deposits called loess. These forma¬ 
tions^ rich. in fossil snail shellSf are highly desirable agncuHural lands. 

Ice,—The fauna of the loess probably lived under conditions prac¬ 
tically tiie same as those prevailing today. Many of the larger species 
where inhabitants of forested areas along river bluffs. Some of the 
smaller species doubtless lived in open woods or thickets, or even on 
the open prairies as they do today. In southern Xllinois, tlie loesa 
deposits are entirely differs ut from those in the northern part of the 
State with respect to the molluscan fauna. In the southern loesses, 
there are large land sheila abundantly represented although these are 
almost wholly lacking froux the loess of northern Ulinois and their 
place is taken by minute species, A part of this variation is probably 
due to climatic differences, similar to and even exa|^rat«l above 
those existing today. Loess deposits in northern Illinois probably 
began soon after the retreat of the ice aixd under such conditions that 
the climate would have been oonsiderably colder tixan at present. 
Geologists seem convinced that isotherms were displaced southward 
during considerable part of the period while loess was being deposited. 
Under these conditions it would be highly probable that temperuture 
conditions in central and soulhern Illinois at that time were more 
nearly what we find now in central or southern Michigan and 
Wiscon^. 

Suvutn chancy.—Shell heaps of enormous size have often been 
formed by human agency. Pre-Columbian Indians, especially along 
the coast, used shellfish for food and some tribes produced very ex¬ 
tensive beds of shells at their camp sites. Even in the Central States, 
primitive Indians left oxtensiTe accumulations of snaD shells in some 
places (Baker, 1936), probably haviag utilised the snails as food, in 
like manner, shells and shell artifacts are scattered through the 
mounds produced by the race of mound builders, though not in the 
quantities characteristic of the kitchen middens. 

On top of natural deposits of shells, there are frequently found 
shells the presence of which would entail extreme changes in tempera¬ 
ture and in the extent of the oceans if they were natural deposits. In 
dredge cute in northern Illinois, there have been found fairly good 
samples of shells that have never been known to live anywhere except 
in Florida and many of these are strictly marine species. The only 
logical explanation of this condition is that Indians left them at camp 
taeasa—ea—n 
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The Ecology, Evolution, and Distrihution 
of the Vertebrates 


By Austin H. Clark 

t» Zeolag^, S* ffaiUinat Hiatun 


The geolcgical history and the accompanying eTolution of the Ter- 
tebrates are the products of the interaction of a large number of rarl* 
ous factors tJie final results of which are seen in tho diTcrsity, 
distribution, and interrelationsliips of the sevei’a! classes that we see 
at the present time. These factors are both geological, in the broad 
sense, and biological. Tiie geological factors may be briefly sum- 
tnarized as follows ; 

Ever since the first appearance of the Tertebrates, conditions on the 
land areas have undergone constant and continual change. Warm 
lands have become cool or even cold, while cold lands have become 
warm, especially in the Northem Hemisphere, as, for instance, in 
areas affected by the advance and retreat of glaciers. Well-watered 
lands have become arid and arid lands fertile. Seasonal and diurnal 
variations in temperature and humidity have increased or decreased. 
Mountains have arisen, greatly affecting conditions in their immedi¬ 
ate vicinity, especially on their leeward sides, and other mountains 
have been eroded down. Land areas have been partially suhmer^d, 
resulting in separate land masses or islands of various si^es, and iso¬ 
lated lands have been joined. Isolation by the dismemberment of an 
extensive land area, or tlie appearance of other barriers, provides an 
opportunity for such terrestrial animals as may still bo able to find 
adequate support to farm new centers of evolution and to develop new 
subtypes, while the joining of previously separated land mosses a^ 
for instance, Korth and South America, or Kortli America and Asia 
during the Pleistocene, permits tlie exchange of faunas, with result¬ 
ing competition. 

These changes are continuous. The well-known floral and faunal 
changes in North America as a result of the advance and retreat of 
the great glaciers are a familiar example. Even within historic 
times we have records of far-reaching changes, especiolly in North 
Africa, tho Near East, and India, and comparable changes are now 
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proceeding rapidly in Central and South America and parts of Africa 

ns n result of human activities. 

Provided that they still remain extensive enough to support ver- 
tebrate life, land water^lnkes and rivers—are far less variable in the 
conditions necessary for that life than ilie dry land, especially in 
tropica! and temperate regions. The temperature range is less, sea¬ 
sonal variation is much smaller, and diurnal variation negligible- 
Humidity is constant, although there may be considerable diversity 
in the amount and character of the dissolved salts and gases. 

Of the biological factors influencing tlie development and evolu¬ 
tion of the vertebrates tlie most important is food. The food of all 
terrestrial vertebrates, including those of the land TVaters, ts both ani¬ 
mal and vegetable. The vegetable food consists of plants, predomi¬ 
nantly the leaves, seeds, fruits, and twigs of green plants, though all 
other parts of green plants and all other plants arc eaten, and in ad¬ 
dition plant detritus with its accompanying saprophytes, algae or 
fungi. 

Of terrestrial animals both on land and in shallow fresh water by 
far the most abundant both in species and in numbers are the iixsccts, 
which as a group art mainly feeders on plants or on detritus, though 
many are predaceous or parasitic. Tlie insects are supplemented by 
the chiefly carnivorous spkiers and their allies and, especially in wa¬ 
ter, by the moHusks, which are largely plant or detritus feeders. The 
other invertebrate groups play a relntively unimportant part on land. 

Plants, insects, spiders, and mollusks occur wherever there is an 
adequate supply of water, permanent, tcmponiry, or even irregular, 
and under all conditions of temperature and humidity except perma¬ 
nent frost. All are known since the earliest evidences of a terrestrial 
fauna. Although the plants and insects have varied greatly from 
time to time, and at present vary greatly from place to place, all 
plants and all insects in the present discussion may be considered as 
single units from the point of view of their availability as food for 
vertebrates, 

111 tlie seB. the extreme importance of diatoms and some allied 
plants and of the planktonic animals that feed upon them, especially 
such crustaceans as copopods and mysida and such mollusks as ptero- 
pods, has long been recognized, as has the importance of detritus, 
especially in the abysses. But it has not been generally recognized 
that the vertebrate food chain on land is similarly based upon green 
plants and arthropods supplemented by mollusks and to a lesser de¬ 
gree by ether invertebrates, with detritus playing an important, 
though here a relatively minor, part. 

The essential pamlldism betAvecn the food chain in the and tho 
food chain on land is obscured by the fact that by far the greatest 


VERTEBRATES—CLASK 


285 


l>art of the vej?etation of the sea is microscopic, too small for any ver¬ 
tebrates toCOnsumedirectly, Thecoastalalgaeandmarine flower!iig 
plfliits such as eelj^rass lire eaten by manatees, dugsmgs, some tea 
turtles snch as the green turtle, and a large lizard, but these ate quite 
insignificant when considered in relation to the marine vertebrates 
as a whole. 

On land the green plants nre large—large enough to be consumed 
directly by vertebrates of any size without the intervention of inter¬ 
mediaries. The earliest vertebrates appear to have been almost 
wholly, perhaps entirely, carnivorous, parallel with the present verte¬ 
brates of the sea, and Uie frcsh-wnter fishes have remained almost 
wholly carnivorous. In the strictly terrestrial classes, the reptiles, 
birds, and mammals, plant-feeding types soon appeared. These re¬ 
mained relatively few in the reptiles, although some of the vegetarians 
attained gigantic size, but soon became numerous in the warm-blooded 
birds and especially the mammals so that today the dominant, and also 
the largest, terrestrial mammals are plant feeders, and verj' many of 
the birds, including all t!ic largest, are vegetarians, at least as adults, 
though many are throughout their lives. 

As important as the amount and type of available food are the 
physical conditions that must be met in order to make use of it- For 
animals as a whole the maintenance of an adequate supply of water 
within the body is the chief physical requirement. For aquatic ani¬ 
mals there Is no difficulty here, though certain physiological adjust¬ 
ments must be made for the varying amounts of salts in solution. 
Amphibions animals living cither in water or in a humid atmosphere 
are almost aa independent of the neoesaity for water control as the 
aquatic. Strictly terrestrial animals, especially those living in dry 
regions, must develop special mechanisms for the conservation of 
water within their bodies, replenishing the water usually by inter¬ 
mittent drinking. 

The next most important factor affecting vertebrate life is illumi¬ 
nation, necessary for certain physiological processes, heat, and vision. 
In the completely dark depths of tlie sea the fishes either possess lumi¬ 
nous organs or feed on luminous creatures. It is possible that the 
widespread luminosity among all types of marine animats may be 
related to the fulfillment of certain light requirements in the absence 
of light from the sun. 

Tile oxygen requirements of vertebrates appear to be of minor 
significance in their effect on evolution. Oxygen ocenra abundantly 
in water as well as in the nir and is taken up by means of gills or in¬ 
ternal lungs, or through the skin. 

All terrestrial vertebrates must be capable of active locomotion in a 
medium much lighter than their bodies. This is usually effected by 
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two pairs of strong articukti>d limbs termmatad by movabls di^ts, 
though in some as in snakes^ in other ways. 

It is generally agreed that animal life originated in water, whether 
in marshes, estuaries, or the sea is nnimportant. But what is impor¬ 
tant is that the basic OTolutjonapy pattern was aquatic and that this 
pattern has been carried over wHh modiJications onto the land, the 
animals most perfectly adjusted to strictly terrestrial conditions being 
vertebrates, arthropods, and mollusks (gastropods), representatives of 
the three dominant and most diversified groups of aquatic animak 

Against this background vertebrate life must develop, hold its own, 
or peri sh. Most important for the continued existence of animal types 
through geological and other changes is their ability to produce new 
forms capable of meeting new conditions—tlsat is, tbeir capacity for 
evolution. The evolutionory history of any animal type is dependent 
upon three coordinate factors: First, the inherent ability to produce 
variants or mutants, either micromutants differing but little from the 
parent stock, or macromutaiits differing more or less widely from the 
parent stock; second, the existence of an adequate physiological balance 
in the mutants that are produced; and third, the ability of such mu¬ 
tants as may appear to find a habitat where the food supply is 
adequate, the physical and chemical surroundings are suitable, and 
there is no insurmountable competition 

In the course of constant geological and other changes new habitats 
appear from time to time, and established habitats become imsuited 
for the existing fauna. The ecological vacua thus created may be 
filled by modifications of the local fauna, or by immigrants from out- 
Bide that possess or develop adaptations suited to the new conditiona 
Thug the large grazing and browsing mammals of the South American 
Pliocene and Pleistocene have given way to a great number of highly 
diverified rodents, and the ecological niche occupied by the great 
marine reptiles of the past has been preempted by the present mam^ 
malinn cetaceans* 

Bach vertebrate class has the potentiality of developing new farms 
capable of occupying a considerable range of habitats^ TJiufl each 
class includes a considerable number of peripheral or fringe forms 
arranged irregularly about a generalized central type. Tbe five 
vertebrate classes, fishes, ampbibionis, reptiles, birds, and mammals, 
including their peripheral types, may be briefly characterized as 
follows: 

CHARACTERISTICS OF VERTEBRATE CLASSES 
nSUES 

The Gahea were the first vertebrates to appear as fossils, in the 
SiluriojL Fishes are all aquatic, though a number, both fresh-water 
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and marine, can live for a considerable time out of Tvater, and some 
fresh-water fishes, as tha common eel, oecusionally or regularly pa^ 
overland from one body of water to another ut night. In contrast 
to amphibians, fishes are both fresh'-water and marine, many groupa 
being represented both in the sea and in lakes, ponds, and streams. 
Many fishes, as salmon, shad, and sturgeon, live in the sea but run 
up streams to spawn. These also have relatives living permanently 
in fresh water, A few fishesp as the common cel, some gobies, and 
some galaiciids, live in fresh water but spawn in the sea. Many 
marine fishes freely enter fresh water, as do some porpoigca, the white 
whale, and some seals, and some will breed there if cut off from the 
sea, as for instance the shark and the sawfish in L.ake Nicaragua, 
Some fresh-water fishes freely enter brackish or even salt water 
regularly or occasionally, like the northern trout and the pike. Some 
fishes, like tlie sticklebacks, are especially charaeteristio of brackish 
water^ 

Fishes ore predominantly carnivorous, the smaller fresh-water 
flpecies feeding mostly on aquatic insects with such other invertebrates 
as may be available^ tlio larger on other fishes with an occasional 
amphibian or land vertebrate. In tlie larger bodies of fresh water 
D very few feed on plankton, especially when youngs A few fishes 
feed largely on detritus, some are omnivorous, and a very few are 
vegetarian. A small number, as ifyxine and fioma very small cat- 
fislies, are parasitic, and in the ceratioid fishes the diminutive and 
defective males are attached to the females ns external parasiteSf 
These are the only parasites among the vertebratea. 

Fishes may be scaled, completely or partly, or naked^ Some have 
large, usually scattered, dermal scutes. 

The limbs are modified into paired fins of which the posterior 
pair may be situated anywhere between tlie anas and throat, modified 
as a sucker, or absent| rarely both pairs are absent as in the snakes 
and some lizordSL 

Breathing is almost entirely by covered gills, but three frt^- 
water typeS| in South America, Africa, and Australia, have func¬ 
tional lungs and a number develop internal structures that function 
os lungs in addition to gills. A number of fishes will drown if de¬ 
prived of access to air. An air bladder is commonly present. 

The body temperature is not controlled but approaches that of 
the surroundings. Some fishes become torpid and feed but little 
during the winter. Others bury themselves in the mud at the bottom 
of pondsL One in Alaska and Siberia {Dallia) remains frozen in 
solid ice through the cold season. A number of tropical fislies 
estivate in the mud in the bottom of dried-np bodies of water, tisually 
in a mud cocoon like eeme amphibians. Fresh-water fislies are much 
lessensitive to temperature changes than marine fisheat 
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Like amphibiBns, fishes are not dependent on bright illiimination 
and many Utb in the oceanic far beloi^ the masimum depth 

of penetration of suniight* A considerable number liTe in tiie dark 
deptlis of deep kkea^ such as Lakes Baikal and Tanganyika, and in 
Llie dimly lighted deeps of other lakes. As in the case of amphibianSj 
some Gshes are found only m caves and in deep underground waters. 
Most fresh-water fishes avoid bright lights and many are active 
mainly at night Many marine fishes are luminous, usuaUy develop¬ 
ing special liglit organs, but this is not true of any fresh-w ater fishes, 
al^ough a tree frog and a lizard are luminous. 

A number of Gshes in several widely different groups are provided 
with electric organSL 

Most fishes produce eggs that are fertilized outside the bodyi but 
a number are viviparous with internal fertilization The eggs, 
ttlw^aya soft ond usually with a gelatinous covering or in a gelatinous 
matrix, sometimes in a horny CflpsuIOj artj laid in strings or masseS| 
or scattered individually* Many fresh-water fishes prepare more or 
less elaborate nests which are usually tended by the males, more rarely 
by the females or by both sexes. In a number of species in widely 
different groups tlie males cany the eggs about in their mouths until 
they hatch, m do some amphibians. In one South American catfish 
the eggs are carried about embedded in the skin of the under side 
of tlie fetnaie, parallel to the case of the Surinam toad (Pipa). In 
a few fishes the young ore tended, but not fed, for some time by the 
male, more rarely by the female. None of the fresh-water fishea 
pass through a widely different larval stage such as is characteristic 
of many marine fohes. The common eel {Anguilla) has such a 
stage, but it is passed in tlie and the form of the adult is acquired 
by tlie little eels before they enter fresh water. 

AHFHlBlAirS 

The amphibians were the second group of vertebrates to appear os 
fossils, In Carboniferous. At the present time they are represented 
by three groups, the caecilians, the salamanders, and the frogs and 
toads. Amphibians live In swamps, marshes, bogs, ditches, ponds, 
the quiet backwaters of lakes and rivers, and in humid regions usually 
near permanent or tem]>orary water. Some., Including the largst, 
are wholly aquatic* Others are largely or entirely terrestrial, living 
on moist land, in damp woods, or under stones or logs in damp areas, 
being active chiefly at night or during rains when the humidity ia 
highest. Many toads live in relatively dry regions, but tlvese are 
active mainly at night when the temperature drops and the humidity 
rises* Some amphibians are chiefly subterranean, appearing at the 
surface only under certain conditions, often at long intervals, and 
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others are wholly subterraneas. A few salamanders are confined to 
caves or to underground waters, Kearly all terrestrial amphibians 
are strictly aquatic in tlieir early stages. 

In marked contrast to the other vertebmtes, the ampliibians are 
strictly confined to fresh watcr^ onJy a single Indiuu frog frequents 
ing socaewhat brackish water. 

As adults most amphibianE feed oa insects, some adding other iu- 
ii'ertebrates, but tlie large frogs and toads often eat small mammals 
or birds, some of them otlver frogs. Some amphibians f^d largely 
or wholly on vegetable detritus, and nearly all feed on algae ai^d 
detritus in the larval etogcaj reversing the cycle of such birds as spar¬ 
rows which are insectivorous when young, seed eaters as adults. 

All amphibians are tiakcd^ with a moist skin, least moist in some of 
the toads. They breatlie by means of external or covered gills or by 
intemaJ lungs, many by gills in the early stages and by lungs later, 
and also tbrough the tkin. Some may, as adults, retain the larval form, 
breathing by gills, or acquire an alljornattve form, breathing by lungs. 

iloet amphibians have four funetiorial limbs terminated by sep¬ 
arate digits, which may be subequal, or the hinder pair much enlarged 
□nd used for jumping or swimming, or ab^ut In some the 
may be greatly reduce<h and in onegi*oup they arc wholly ah^nh 

The body temperatura is uncontrolled, and is approximately that 
of the surroundings. In temperate regions the frogs, toad^ and 
salamanders hibernate, usually in water* In very dry regions some 
frogs and toads estivate deep in the sod, encasing themselves in a 
hard cocoon of earth mixed with mucus. 

Amphibians are not dependent on bright illumjnfltion, and moat of 
them are nocturnal, or at least avoid the ^ulighh A few (os 27 ^^^ 
secrete luminous mucus* 

Except for toueli, the senses are poorly developed, although some 
frogs and toads have good eyesight, and the fact that many are highly 
vocal indicates good hearing. 

Most amphibians lay eggs which are fertilized eitlier outside the 
body, in some cases long alter deposition, or internally. The eggs 
are soft with a gelatinous covering or in a gclatinoua matrix and 
are deposited individually or in mosses or strings, usually in water 
or in situations where the young will fall or be washed into water, 
rarely in moist situations on land* A few' species make more or less 
elaborate nests. In other species the eggs are carried about on tlie 
back of the female or in the mouth or wrapped about the body of the 
male until they Iiatch. The young are not tended after hatching. A 
few salamanders and two African frogs are viviparous. 

Except for the viviparous species nil amphibians pass tlirougli a 
superGcially fehlike limbless larval stage, with vertical fins but no 
Cn raya, in water* In some wholly terrestrial fro^ the eggs ore laid 
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on land and the larval stage ia greatly abbreviated, the cgga giving 
forth perfect, though very sntall, frogs, 

MPTIIES 

The reptiles were the third class of vcrtcbretes to appear as 
fossils, in the late Carboniferous. At the present time they ere 
represented by only four groups, rhynchocephalians or 

Bphenodont conHned to New Zealand), crocodiliems, turtles, and sn^es 
and lizards. Most reptiles are strictly terrestrial with their activities 
confined wholly to dry land, especially in hot or more or less arid 
regions, but the crocodilians, many turtle and some snakes are am¬ 
phibious, feeding largely or wholly in water tliough laying their eggs 
on land, Tlie sea snakes are wholly aquatic. A few lizards and 
some snakes frequent the banks of streams or other bodies of water 
and enter the water freely though they do not feed in it. In warm 
regions a few blind and legless lizards are subterranean. No 
reptiles live in the dark recesses of estensive caves. 

The great majority of reptiles are carnivorous, the smaller ones 
feeding mainly on insects, the larger ones on vertebrates, es^ially 
and fisli. Some of the snakes have highly specialized 
feeding habits, as the egg*, slug-, or snake-eating snakes, and ^e 
venomous snakes. Tlie only other vertebretes with a venomous bite 
comparable to that of the venomous snakes are certain shrews among 
the mammals. Tho green turtle, the land tortoises, the large iguanas 
in tropical America, Madagascar, and Fiji, and a few other lizards 
are vegetarians; but the gretn turtle, up to a length of about 10 Inches, 
is carnivorous. One iguana in tho Galfipagos Islands feeds on sub¬ 
merged seaweeds. Some turtles are more or less onmivoroua 

All toptiles ere completely covered with scales or plates. The skin 
is dry. 

Most reptiles have two pairs of functional limbs adapted to walking, 
running, swimming, or climbing, but in some tho anterior or poste¬ 
rior paira, or both pairs, may be absent The limbs when present 
usually end in a group of functional digits which In climbing lizards 
may be long. In some turtles, particularly the sen turtles, the limbs 
may be modified as paddles, the forelimbs being much larger than 
the hind limbs and the chief organs of locomotion, as in the penguins 
among the birds. Some lizards and snakes, like flying squirrels, 
Gtdeopithectit^ and a few other mammals, are modiBod for gliding 
tlirough the air, but without modilication of the limbs. 

The body temperature of reptiles is uncontrolled, approximating 
that of the surroundings:. Some snakes, lizards, and turtles and the 
American and Chinese alligators hibernate during the winter, most 
of the turtles and the alligators in water. 
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Reptiles are highly dependent on abundant light, all of them for 
heat, and those with heavy skeletons, like most turtles, or with 
heavy dermal scutes, like the crocodiles, for skeleton formatioD. 
Most reptiles are strictly diurnal and are especially active in bright 
sunlight, but the geckos are mainly noctumaL The poisonous snakes 
hunt their food mostly at night, but many, if not most, of them, like 
our rattlesnakes and copperheads, sun themselves hy day. In one 
lizard from Trinidad the males have a row of luminous organa along 
each side, recalling certoin luminous hshos. 

The seizes as a rule are not highly developed, but in lizards and 
turtles sight is usually good, and in snakes and some lizards there 
is an acute sense of smelL 

Most reptiles lay eggs with either a tough and fleiible or a hard and 
rigid slieli. These msy be scattered individually, deposited in batches 
in a hole and covered up, or, os in the cose of the crocodllians, placed 
in a compost heap to be hatclied by the heat of decomposition as is 
done by some megapodes among the birds. The eggs are usually 
abandoned, but are sometimes tended. The female python coils about 
her eggs and incubates them, her body temperature rising during the 
period in meubation. But few reptiles tend their eggs end these 
generally lose interest in the young wlieu they appear. Some snakes 
and a few lizards are viviparous. Sea snakes give birth to their young 
in the water. Fertilization in the reptiles is always internal. 

Al l reptiles breathe by means of internal lungs. Some sea turtles 
have supplementary anal biTeathing. 

bibus 

The first known birds, eihiblting many reptilian features, are from 
the Jura^dc, All birds nest on laud, and most birds are terrestrial, 
the most widely distributed of all terrestrial vertebrates, found on 
many islets and even on some good-sized islands, as some of the Aleu¬ 
tians, where no other vertebrates occur. Many birds are amphibious, 
obtainiug all their food in fresh or salt water, or in both, as the mer¬ 
gansers, loons, grebes, many kingfishers, and others, particularly the 
sea birds. A few birds are oceanic, visiting land only to breed, os do 
the sea turtles and the fur seals. 

The earliest known birds, which were relatively large and pos¬ 
sessed teeth, a long jointed tail, and other reptilian features, were 
prcauiuably carnivorous. At present the dominant and by far the 
largest group of birds is that of the perching birds or Passeres which 
includes at least half of all the known species. As in the case of the 
modern rodents, the dominant mammals, they are all small, or at least 
none are very large. They are primarily inseetivoroua, but many are 
more or less omnivorous and others are plant feeders, at least as 
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adults. Included in the Pnssares are the finches and yarrows and 
their relatives, forming the largest and most highly specialised group, 
Tlic sparrows and finches, like the other perching birds, feed their 
young on insects but as adults are vegetarians, mainly ^ed eatery 
Tliis^s the reverse of the conditions seen in most amphibians which 
are alga and detritus feeders when young, insectivorous as adults, 
Other perching birds as adults are vegetarian, omnivorous, or insecti¬ 
vorous. As seeds are to be found everywhere at all seasons the sp^- 
rows and their relatives are tlie most generally and widely distributed 
of all terrestrial birds. They are able to exist under the most severe 
conditions if sufficient food and water in usable form is available, and 
therefore are not so strongly migratory as most other birds. 

All sea birds are carnivorous, feeding on crustaceans, fish, and 
squid. The gulls are mainly scavengers; some feed more or 1^ ei- 
tensively on large insects, especially grasshoppers and cicadas. 
Shore birds feed on crustaceans, insects, and small fish, some at cer¬ 
tain seasons eating berries. Most of the smaller land birds feed 
wholly or mainly on insects. All the very large birds, the ostriches, 
rheas, emus, and cassowaries, are vegetarian, as are the parrots, pi¬ 
geons, swans, geeae, and many ducks, as well as a number of species 
in other groups. Gallinaceous birds are chiefly vegetarian, though 
most of them eat insects, especially when young. Vultures eat carrion, 
and some birds, like the ravens and crows, are omnivorous. Preda¬ 
tory birds feed chiefly on mammals, fish, reptiles, and other biHs. 
Many birds, as woodp^kers and hummingbirds, have highly special¬ 
ized feeding habits, and others, like thehontrin, will cat only a certain 
kind of food. Very few birds store food, and th^ only casually. 
Birds are much more likely to gather ^ny, brightly colored, or other¬ 
wise attractive objects, a habit shared with certain rodents. 

All birds are completely, or almost completely, feathered, with die 
legs sealed. The beak suggests that of the turtles. Some, as the vul¬ 
tures and a number of gallinaceous and stnithious birds, have the 
head and neck naked. The skin is dry. 

All biids have two pairs of limbs of which the posterior pair is al¬ 
ways well developed, at least in the young, adapted for perching, 
clinging,climbing, running, swimming, or grasping prey, with usually 
four, sometimes only tlirce or two, clawed digits, three or all four of 
which may be connected by a web. The anterior pair is usually modi¬ 
fied to form wings which in most birds serve for aerial transport, 
though in individual species in many difforent groups they are reduced 
in ci™ and useless for flight, and in such birds os ostriches, rheas, emus, 
cassowaries, and kiwis, which have greatly enlarged and powerful 
legs like kangaroos, leaping rodents, and frogs, they are very greatly 
reduced, especially in the three last In tlxe penguins the anterior 
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I>air is modifisNl to form puddles parnllel to those of the seals, cetaceans, 
lonnatees, and sea tiifttes. In affreefrient with the sen turtles but in 
contmst to nil other aquatic birds the forelimbs of the penguins prc^ 
vide the chief motive power in swimming. 

In contrast to the uniform flapping flight of bsts the flight of birds is 
highly diversified. Thelargeseabirdsareglid ers, wh ich seenis to have 
been true of most of tlie flying rept il es of the past. Most vul tnres, most 
eagles, many hawks, and some otlier large birds spend much of their 
time soaring. Many birds alternstely flap and sail. Most small birds 
progress by continuous flapping in direct, or, less commonly, undulat¬ 
ing flight. In some birds the flight is feeble and they are reluctant 
to take wing, though a few of these, as some mils, undertake sur¬ 
prisingly long migrations. 

The power of flight enables birds to live or to take refuge in trees 
secure from most predators escept other birds; to escape enemies by 
taking to the air; and to take odvantnge of the concentrated life in the 
iviirm light summer season in the far northern or southern regions, 
retreating towartl, to, or even through the Tropics in the dark winter. 
It also eniiblcs tropica] birds to wander about from one feeding ground 
to another in a distant area. Although strictly diurnal in their 
usual activities, many small birds migrate by night. Many of the 
1 arger birds, as geese andawans,migratehydayornight. Incon trast, 
the bats, though capable of sustained flight, fly only by night except to 
cool themselves in hot weather, and few are known to migrate. 

All birds maintain a controlled high body temperature, higher than 
that of mammals, and are continually active throtighout their lives 
except during sleep. A very few birds have vicarious O'C even fairly 
long torpid periods simulating hibernation, but none estivate. 

All birds breathe by internal lungs and all have more or less exten¬ 
sive internal air sacks. 

In all birds sight is the dominant sense, in some, as in owls and goat¬ 
suckers, Supplemented by acute hearing. In owls, which have the 
most highly developed ears, the plumage is very soft, possibly so as 
not to interfere with auditory perception, in addition to concealing 
their presence. Thus birds are dependent on adequate illumination. 
Their visual range is broad, including tha longer wavelengths, not 
visible to us, by means of which they find their way through fog, and 
pebbly in the case of crepuscular birds, the shorterj to us invisible, 
wavelengtlis commonly used by insects. No birds are blind. Al¬ 
though some take refuge or nest in caves, holes, or burrows, tliair es¬ 
sential activities are always carried on outside. 

The breeding habits of birds are singularly uniform. Most birds 
nest in trees or on the ground, singly or in colonies, sometimes making 
a community nest, but many lay their egg? in holes or burrows. The 
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eggs of all birds are provided ^ith a rigid calcareous shell. Nearly 
all birds incubute their eggs. The young are Imtched in widely differ¬ 
ent stages of development in the different types, and arc usually tended 
and fed for some time by both parents or by the female, in a few only 
by the males. A few birds, as the megapodes, deposit their eggs in 
compost hea^^ as do alligators and crocodiles, or in warm sand, like 
the sea turtles, and leave them to be incubated by the heat of decom¬ 
position or of the sun, 

MAMblALS 

The first de6nitelj known mammals, showing certain resemblances 
to reptiles;, are from the Jurassic. Although mammals are primarily 
terrestrial, living on or above the surface of the ground, a number, 
such as water rats, muskrats, bearers, otters, the hippopotamus, and 
the platypus, are amphibious, the seals are aquatic but bear their young 
on land or on ice floes, and the cetaceans are wholly aquatic, bearing 
their young in the water. A few mammals, such as the moles, marsu¬ 
pial moles, mole rats and some other rodents, are largely or almost 
wholly eubtcrranoaiL 

The earliest known mammals were small and presumably insectiv¬ 
orous, and many of the later types such as the present-day insectivoMS 
and bats were and are primarily insectivorous, with tlie larger carni¬ 
vores feeding chiefly on vertebrates. 

At present, by far the largest mammalian group is that including 
the rodents, very nearly all of which are exclusively, or almost txclu- 
sively, vegetarian. With these should be considered the ecologically 
similar but very much smaller group including the rabbits, hares, and 
pikas. Most of the very large terrestrial mammals such as the ele¬ 
phants, rhinoceroses, hippopotamus, tapirs, horses, the giant panda, 
the great apes, kangaroos, and manatees, and all the hoofed animals 
except for a few omnivorous pigs are Kcchisively vegetarian. Tliese 
large vegetarians ore very delicately adjusted to their environment. 
They require a constant and abundant supply of food and water under 
a limited range of physical conditions, and are vciy sensitive to en¬ 
vironmental changes greater than those that can be met by limited 
migrations. A large number of rodents and the pikas store food to 
tide them over unfavorable seasons, and many rodents hibernate. 
Some rodents and some lemurs estivate. These characteristics, to¬ 
gether with their much smaller size and vastly superior reproductive 
powers,give the rodents a great advantage over the larger herbivores. 
Strictly vegetarian and more or less omnivorous species are found in 
greater or leas numbers in all the other mammalian groups except the 
seals and cetaceans. 

All mammals are covered with hair, or at least have traces of hair, 
although the elephants, rhinoceroses, some pigs, and manatees and 
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dugongs, and the cetaceans have the hair coTcring greatly reduced, 
in the last two vestigial or absent in tlio adnlta. In many rodents and 
in the echidnas the huita may be transformed into epines. In the 
pangolins they are grouped into broad scalelike structures. Some 
nmmtnals have bony plates in the skin which in a few, as the arma¬ 
dillos, may form a complete bony dorsal covering. The skin is 
more or less moist because of the occurrence of sweat glands. 

In some shrews a pair of salivary glands is transformed into a 
pair of poi^n glands from wduch ducts lend to tlie lower incisors, 
recalling the poison apparatus of the venomous snakes. 

Most mammals have two pairs of functional limbs terminiiting in 
separate digits. The limbs may be subequal, or either pair may be 
enlarged or reduced* In the ^als the lim^ are modified into paddles 
without separate external digits and in the cetaceans and niamte^ 
the forelimbs are paddle-shaped, the hind limbs absent. 

ITie bats have the forelimbs developed as wings and all of them 
are capable of sustained and long-continued flight Most of the bats 
are rather small and msectivorous, but some, including the largest, 
eat fruit, and a very few feed on other bats, birds, fish, or the blood 
of mammals and birds, A number of mammals in widely different 
groups, aa the flying squirrels, flying phalangers, and Galeopith^cu^^ 
have the skin of the body greatly extended laterally forming a para¬ 
chute by means of whicji tliey are able to make long glides through 
the air, like tlie gliding lizards and gliding snakes. 

In most mammals the body tempcratiiro is constant nnd high, 
commonly well above that of the surrounding air, at least at night* 
But the teinperatuce of the monotremes fluctuates in response to that 
of the surroundings. Some mnminalSt as some rodents, some bats, 
and some northern bears, hibernate with reduced body temperature, 
or at least become torpid^ in very cold weather. Some maninmla 
estivate in dry hot weather. 

A few bats migrate south in autumn, and a few large mammEiIs such 
as the bison withdraw southward in winter, at least in some areas. 
In winter many mammals wander widely in search of food. 

In the mammals all the senses-^ight, hearing, smell, and touch— 
are highly developed, though very unequally in the different groups. 

Mammals are not dependent on bright sunlight, which moat of 
them avoid. Some five in caveo, holes, or burrows, but feed in I ho 
open. A few, largely blind, are subterranean. 

All mammals except the egg-laying plutyj^is and echidnas are 
viviparouH. They are divided Into the placentuls, in which a pla^ 
ccuta is present and the young at birth are at least fairly well de¬ 
veloped, and the marsupials, in which there is usually no placenta 
and the young are born in an extremely undeveloped condition; in 
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the marsapial^ a pouch is usually present into which the very small 
young find their way, attaching themselves to one of the mammae. 
In some bandicoots, as Pemmelet, a placenta is present, although the 
young are bom in as undeveloped a condition as in the other 
maisupials. 

ANALYSES 

In the preceding reviews of the features of the several vertebrate 
classes it is evident in each ease that some of the features are distinctive 
and diagnostic, fundamental attributes of the classes, while others 
represent specializations in various directions, attributes of what may 
be called fringe or peripheral typea The fundamental charactere of 
the vertebrate classes seem to be the following: 

Fishes .—^Aquatic nnimal feeders of fresh or saline waters subsisting 
mainly on Insects and other invertebrates, especially crustaceans [ with 
a covering of scales, naked, or with dermal scutes; body temperature 
Uncontrolled, approsimating that of the surrounding water; breath- 
ingby gills, sometimes supplemented by liinglike structures or, rarely, 
lungs; not dependent on bright illumination; oviparous, the fertilizs’ 
tion usually estemal, the eggs soft, usually with a gelatinous cover- 
ing or in a gelatinous matrix, sometimes in a tough capsule, attached, 
le^ commonly scattered or pelagic; commonly with a larval stage 
widely different from the adult; a few are viviparous. 

Amphihittm ,—Amphibious animals of exclusively fresh waters or 
very humid regions; animat feeders subsisting chiefly on Insects, 
though some are detritus feeders, especially in the larval stages; 
naked, with a moist skin; body temperature uncontrolled, approxi¬ 
mating that of the surroundings; breathing by external or covered 
gills or by lungs, or by both at different stages;, and also through the 
skin; not dependent on bright illumination, and largely nocturnal; 
oviparous, the eggs fertilized extemally, soft, ustmlly in water, with 
a gelatinous covering or in a gelatinous matrix; mostly with a fishliko 
larval stage breathing with gills in water, later more or less terrestrial, 
breathing with lungs; in a few the young are bom with the adult form. 

lieptilef .—Terrestrial animal feeders subsisting mainly on insects, 
the largest on vertebrates; with a complete body covering of scales; 
the skin is dry; body temperature uncontrolled, approximating that 
of the surroundings; breathing by internal lungs; highly dependent 
on bright illumination, especially from the two ends of the spectrum, 
chiefly diuimal, hut the geckos mainly nocturnal and the venomous 
snakes feeding mostly at night; oviparous, with Internal fertilization, 
the eggs with a tough or hard and rigid shell; some are viviparous; 
young at birth resembling the adults. 

fiiVA.—Predominantly terrestrial animal feeders, sabsisting chiefly 
on insects, but many are vegetarians, at least as adults; with a body 
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coveriBg of fcrttliera (modiHed scales) and scales (on the legs) [ the 
skin is dry; body tentperatnre controlled and constant, high—higher 
than in the mammals; breathing by internal lungs, and with estensive 
internal air socks; highly dependent on adequate illumination, espe¬ 
cially in the Tisiml bond of the spectrum; mostly diurnal, a fe w crepus¬ 
cular, none truly nocturnal; oviparous, "with internal fertilisation, tlip 
eggs always witli a hard nnd rigid shell; the young are hatched in 
various stages of development. 

jl/owimofe.—Terrestrial ftnimal or vegetable feeders, or omnivorous; 
with a body covering of hair; with sweat glands in the skin; body tem¬ 
perature controlled and constant, nearly always higher than the sur¬ 
roundings, at least at night, but in the monotremes variable and in 
many types reduced during hibernation; breathing by internal lungs; 
independent of bright ilhunination; diurnal or nocturnal; viviparous, 
except for the oviparous monotremes, with internal fertilization, the 
young bom in various stages of development and fed for a varying 
length of time by a secretion from the body of the mother. 

The basic ecological features of the vertebrate classes may bo 
graphically expressed in the form of a key, as follows; 

KEY TO THE BASIC ECOTX1C1CAL FEATtfRES OF THE VERTEBBATE CLASSES 

a'. Dependent on a caD^tant end nbandant acpplF of external water; 

DQUEitlc or n mpli Ebiatiii; of bright IHuiuLniiiJciD t 

coldblooded (IcbthjapRldn). 

h\ Strlotly aqiintlc \n frost or saline wntons of mJatSvelf Iflrffe 

size_ Fi»tei 

6^. Aqoatto In sLflcUy freflh waters of suinU dlnipnHioufl or tem¬ 
porary, or If of larg^ dttnensioiifl more or less choked with 
at least when yottitg? a 3 adults mostly omer- 

goat ]n re^rlons of high homldlty^^——-— AmpblLlnM 

a\ Independent of a ooHEtaDt and ahmitlant aurply of ettemiil 
water; tcrreBtiiflL 

h\ TTJgbly dependent on EOnlEKbt (Banropstdo). 

Cold blooded but active and requirla^r a relatively Inrtte 

amount of heat provifliMl by stinllght; terrcstrlflL,^- Rejrtila 

c?, Warm-hloodotlp Independent of heat from the ann; telrea- 

trial, with Ihe power of flEjfhf—--——— 

largely jndepondent of atmilj^t; wfinn-bloodcd.^—Mnmmuls 

In order to illustrate the preceding tey it is desirablo to designate 
definite types that may be tentatirely regarded as generalized repre- 
fentatiTEs of the several classes^ These types will serve to indicate 
in each class an approximaUoii to the basic or fundamentnl complex 
ns contrasted with the fringe or peripheral forma. Just wliat tlie best 
representative of each clftss would be is, of coursCj a matter of personal 
ops nion. The fol low! ng are suggested. 
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piflbes: E&wflu (imia). 

Atnphlblnnti! SnlDmanilerB nnd tbelr relHtlTea {tJrodelD)^ 

RexrtUea: LtznrOa (Laccrtllln}, 

Birds: Titiftmous (Ttnatnidac), 

Mammais: InsectSVDreB (iDBecUyora, Tenr^eoldea)^ 

Und^r the present highly diversified conditions on the earth the 
nmmmalSf the most adaptable of the -veiitehratefl^ are tite dominant 
type. Tlie mammals are independent of external water^ bright iHu- 
mination^ and heat from the aim; they have an insulating covering of 
hair (or blnbbcr) and sweat glands; all the senses are highly devel¬ 
oped; they bare powerful limbs adapted for walldrig, running, jump¬ 
ing, climbing, swimming, or flying, and strong jaws with diversified 
teeth. Mammals are viviparous, the female in most casess raising tJie 
yonng in n nest or den and always feeding them with a secretion from 
her bod}^ In the marsupials the young are bom in a veiy undevel¬ 
oped condition and find their own way to the molher^'a pouch where 
they attach themselves to a nipple; there is therefore no necesity for 
a nesting period for the females while producing young. The mar¬ 
supials arc thus especially well adapted to survive in areas subject to 
drought or other adverse conditions when the daily feeding range of 
the individuals must be greatly increased- The rodents are small, 
and most of them very prolific. This enables them to wdtliFtand ad- 
ve^^5e conditions, for they can become restricted to very small areas 
and when conditions improve promptly spread out again. The young 
of the hoofed mammals, the cetaceans, and some others are bom essen¬ 
tially as small adults so that tliey are able from the first to accompany 
the motljer, or the herd, in its wanderings* 

Quite ns successful ss the mammals are the birds. Ecologically the 
birds are complementary to the mammals rather than competitors. 
Birds and mammals agree in being warm-blooded with an insulating 
coating of feathers or hair; in being independent of n continuous 
supply of external moi^ure; in having usually more or Icbs helpless 
young tJiat require feeding and tending; and in being largely plant 
feeders, at least as adults* Birds differ from mammals in their de¬ 
pendence on strong illumination, in possessing the power of flight 
(shared, however, with the bats), in feing oviparous, in feeding the 
young, though with material collected by the adults instead of with 
a secretion from the mother, and in being toothless, which somewhat 
limits their feeding range as compared, for instance, with rodents, 
tlie dominant mammals. 

WTiereas mammals are predominantly ground feeders w^ith a few 
arboreal, aerial, and aquatic types, birds feed mainly in hushes and 
trees though many feed on the ground or in w ater, and some are aerial 
feeders. Except for the largu herbivorous types Kuammals ar© mainly 
nocturnal, birds wholly diurnal or crepuscular. The bats consume the 
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sam^ food as c«rt4iin birds, and both often hunt together in the evening. 
But except for the large fruit bats, which hava good eyes, the bats 
are guided by hearing and not by gight and ate active on very dark 
ni^ita when Uie so-called nocturnal birds are wholly inactive* 

The power of flight enables the birds to populate, permanently or 
tempomrilyi many regions where mammals are few or absent such as 
awamps, marsbe% offshore rocks and islands, and in the summer the 
rich marshy tundras of the far north. In such regions they arc often 
incredibly abundant The necessity for incnbating their eg^ for a 
consider able time forces most birds to scatter in more or less widely 
separated pairs during the breeding eoson, though they may be highly 
gregarious at other seasons. But in areas where there are few or no 
other creatures that would feed on the eggs or young, such as iunocea- 
sible marshes or swamps, on isolated rocks and islands, on steep cliffs 
or gravel banka, or on the Arctic tundra, birxfe, especially tlm larger 
birds, often live in colonies which frequently are of immense size. 
Some of the smaller tree-living birds also nest in colonies usually in 
specialized nests, aa the apartment nests of some weaverbirda or the 
long pendent nests of the oropendoka* Some birds nest under the 
protection of bees or termites, and a number in widely different groups 
make no nests but deposit their eggs in the nests of oUicr birds^ 

The geological history of birds appears to be parallel with that of tl^e 
mammals, and the geographical distribution of the two classes is 
roughly similar^ Both groups show a high degree of adaptation to 
present conditions with many plant feeders^ In both gi'oupa there 
are few ancient types still persisting, 

Beptiles differ from main mala and birds in being cold-blooded. 
They agree with birds in having a dry skin and in being highly de^ 
pendent on sunlight. More dependent on sunlight than birds, nearly 
all live in very sunny regions, especially more or less arid regions^ 
Nearly all reptiles lay eggs as do the birds, but Uie young emerge from 
the eggs completely developed, except sexually, and are not tended or 
fed by the parents* Nearly all moderti reptiles are carnivorous, 
largely insect feeders, like most birds, at least when youngs Except 
for being coId-blooded the reptiles in the broader aspects of their 
ecology are more similar to tlio birds than to any other vertebrates. 
Morphologically they have been united with birds under tile term 
Sauropsiduu But some reptiles are viviparous and some are wholly 
aquat ic, like the sea snakes* Some have homy beaks like birds, otliers 
uniform or more or less diversified tccthi In tlic past a niunber had 
the power of flight, their wings being esentially like those of the mam¬ 
malian bats, not like those of birds* 

Wliereas since the Eocene the mammals and birds have undergone 
continuous and great diversification with adaptations for the con- 
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alondy clianging conditions and are today die dominant terrestrial 
vertebrates, th e history of the reptiles has been quite differe lit 1 n the 
Mesozoic the reptiles ’were in a high degree of develop meat and speciU- 
iKation, and highly diversified There were, among others, gigantic, 
fliiefly lietbivoious dinosaurs, gimt marine reptiles of various kinds, 
and several types of flying reptiles, together with the more familiar 
crocodile^ turtles, and snakes. The development of the reptiles 
reached a culmination in the Cretaceous, but touard the end of that 
|)eriod most of diem disappeared^ Up to the end of the Cretaceous 
Uiere were 19 orders of reptiles, but since Uie earliest Tertiary, when 
there were a very few reminders of die exceedingly rich Mesozoic 
fauna, only four of tiiese have persisted, the Rhynchocephalia, repro- 
seiitcd only by Sphmodo^n or die tnatava of New Zealand, the 

crocodilians, confined to tropical and subtropical regions, the turtles, 
and die Squamata, including the lizards and snakes. 

ITie world-ivide and practically suuuUancous disappearance of moat 
of the reptiles, including ail the giant terrestrial herbivorous and 
carnivorous dinosaurs, the flying pterodactyls, and the large ichthyo- 
satirs, plesiosaurs, and mososnuxs, was folloived by the evolution and 
development from mammalian stock of a great variety of types oc¬ 
cupying tlie former habiLats of uU die teiTcstrial i-eptiles, witli the 
cetaceans replacing the marine types. Presumably die plttce of the 
tlying reptiles was taken by certain birds* 

Any satisfactory espknalioa of the causes of the disappearance of 
the dominant reptiles and their rapid replacement by mammals mub~t 
bo applicable equally to all the continents and to all tlie oceans as well. 
In view of thedopeudence of practically all modern reptites, especially 
those with heavy calcareous skeletons or dermal scutes such us the 
haid.-sbclled turtles and the crocodilians, on abundant sunlight, and 
the independence of sunlight characteristic of the largely nocturnal 
manunals, it w ould seem that a radical change in the amount or charac¬ 
ter of the ^n^s radiations reaching the earth may well have been the 
cliicf factor in the disappearance of the reptiles leading to tlie domi¬ 
nance of mamnmJa* 

During Uie Cretaceous there was extensive inundation of tlie land 
areas by the sea, the continents were much isolated, and the climate 
presumably wm warm and uniform. At die end of die Cretaceous 
tJiere seems to have been a great upheaval of the land in both the 
norUiem and southern hemispheres^ Thia was accompanied hy local 
and intermittent volcanic activity throughout the Eciceiie in the Rocky 
Mountain region, Central America, the East ajid West Indies, and 
soudiern Eurojia, Any marked jncri^se in the land area would mean 
a cortvsijonding increase in dust jti tile atmosphere, inorganic dust 
from arid areas, and pollen and organic dust from heavily vegetated 
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regions Volcanic activity would also produce a large amount of 
atmospheric dust. 

Of interest in regard to the latter is the information on the eruption 
of Krakatoa between Sumatra and Java on May 26-33, 188S, In this 
eruption tlie ejected column of stones, ashes, and dust was estimated 
to have readied n height of 17 nules or more. 1 he hner particlea were 
diffused over a large part of the earth, and were carried over North 
and South America, £urope, Asia, South Africa, and Australia. In 
the Old World they sptead fix)m Scaiidiuavia to the Cape of Good 
Hope. And tJiJS is the record of only a single isolated eruption. 

With increase in land areas and intermittent volcanic eruptions 
the illumination of the surface of the earth would be considerably ah 
tered. Whereas the estensiTe inundation of the land areas during 
the Cretaceous would presumahly clear the atmosphere, giving rise to 
conditions especially favorable to reptiles, increase in land ar^as, 
especially in connection with volcanic activity, would make conditiops 
unfavorable for reptiles while at the same time permitting the rapid 
increase and divergificatioii of mammals. 

In their present distribution the land reptiles fall into twro main 
groups. The strictly terrestrial forms, such as the hoards and moiAt 
snakes, follow largely the distributional pattern of the mammala es* 
cept that they do not range so far north or south and, po^ibly becau^ 
of their greater age, tliere are among them niore striking cases of dis¬ 
continuous distribution resulting from extirpation over a large por¬ 
tion of the origiiral range* In the mammals examples of discon¬ 
tinuous distribution are the camels, originally North American but 
now represented only by two wild species in South America, two 
domesticated species in South America, and tw’O in Asia, one of which 
hag been introduced into Africa j the tapira, once widespread but now 
restricted to tropical America and the Malay Peninsula, Sumatra, and 
Borneo; and the freah-water dolphins of South America, India, and 
China. In the Pleistocene many mammals spread from Asia mto 
North America, but apparently the connection between these conti¬ 
nents w^ too far north to serve os a highway for any reptiles. Some 
examples of diecontinuous distribution in the reptiles are: The Gila 
monsters (Helodcrmatidae), Texas, Arizona, MexicOj and Borneo, 
the large herbivorous iguanas, tropical America, Madagascar, ^d 
Fiji; the pytlions, Old World and western Mexico; and tlie burrowing 
Ampkisbaena^ South America and Africa. Hie true land tortoises 
{Tmtudo) are found in ail tropical and warm temperate regions ex- 
cept Australia. 

The amphibious reptiles, tlje crocodiiians and freah-water turtl^ 
present a more geueralized picture owing to the fact that aquatic 
habitats are much less Tariablo than tenestrLal, the chief differential 
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here Uing extratropical cliatig^ in tem[)eratur<j» True crocodiles, ap 
jjaaring first in the Cretaceous, si ill occur throughout the Tropics. 
TJie vials und alligutors appear in the Miocene; the gavials are now 
conliricKi to southern Asia, tlie alligators (with tiie cajmans) to Amer¬ 
ica, with GE 0 alligator in souliiern China* Among the fresh-water 
turtles the soft-sheiled iyp^ appearing first in the Cretaceous^ stUl 
occurs in Asia^ Africa^ and America, as far north as Canada^ the 
Peloinedusidae are found in Africa and South Anterica; and the snake¬ 
necked turtles in Soutii America, Australia, and New Guinea, 

The mnphibiiinB occupy a very specialized habitat^ essentially as 
constaut as tlie aquatic and much less variable than tlie terrestriaL 
They differ froui Bshes^ with which tliey are sometimes united under 
the term Ichthyopslda, in being iiitolenint of salt water and ns adults 
living largely out of water in humid regions. Their very restricted 
habitat seems to liRve limited their possibilities for evolution. No 
fossil caecitians are known* Caecilians are now confined to South 
America, the East Indies, and Ceylon, their distribution recalling 
that of the tapirs. hVogs of the modern type appeared in the Jurassic 
and setajnanders in the lliocene. Frogs and toads occur everywhere 
cJccept in tlie estren^e north, tliough toads are absent from AustruHa 
and iladugoscar. Frogs are espiecially well reprefiented in South 
America, but poorly represented in Nortli America, 'rhe South 
American frogs have many affinities wiOi those of Africa^ while others 
are allied to those of Australia. 

The Galamaiidera and tligir nelntiFcsi, od the other hand^ are almost 
wholly confined to the tern pciato regions of the Nortliem Hemispiicre, 
especially North America, to which a dozen or more genera, includlrig 
the curious Siren and Ajnphiumi^ are confined. Their distribution 
recalls that of the North Atnorican freah-water hshes, esfiecially 
ihe ganoids. Nutnerous instances of discontinuous distribution 
Suggest that tlie present distribution of the amphibians is in large 
part a restriction of a once more or I&sa world-wide distribution 
that was attained very long ago. Examples are, the Pipidae, the 
m^ aijuatic of the frogs, found in South America and Africa; the 
tailed or ribbetl frogs (Liopelmidae), found in New Zealand and 
from northern Califoniia to British Columbia; the Ciyptobrnnchidae, 
represented by the fiellbendcr {Crypfo&ranchiui) in eastern Nortli 
America and by the giant salamander {iVeffolabatroehu*) in Japan 
and China; and the Necturidae, represented by several species in east¬ 
ern North America and one in the caves of southwestern Austria. 

The freah-water fishes oecupy a habitat which in tropical and sub¬ 
tropical regions is the least sub]ect to change of any. So they might 
be expected to present the greatest faunal uniformity, and to include 
the largest number of very ancient types still persisting. In the 
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leinporiite regions of the Northern Hemisphere, howeTer, the whalers 
are now all cold, at least in winter. Eispercially is thi^ true in North 
America where the Mississippi dmius an area with a ntore or leea 
severe winter cUttiftto, and the present fishea are almost wholly of 
types not represented in South America or in other tropical regions- 

The close affinities of the fish fauna of South America with those 
of Africa and the Indian region nre most logically explained by 
assuming that all three are local modifications of a very ancient and 
generally distributed fauna persisting under conditions that have 
here changed but little since the Paleozoic* In their distribution the 
freeh-water fishes show many cases of apparently anomalous dis¬ 
tribution that can be explained only by restriction of a fonnerly 
widespread range* For example, the lungfishes are now confined 
to Africaj South America, and Australia; the family PolyoJontiJae 
is represented only in the MissiBsippi Talley {Poly&d^) and in the 
large Chinese rivers (Piephurus ); tlie shovel-nosed sturgeons 
irkyrichm) are confined to the Mississippi area and central Asm ; the 
North American catfishes (Amciuridae) are confined to No-rth Ainer^ 
ica except for a Eingle species in China; the suckers (Catostomidae) 
aro wholly North American except for two sjjecies in eastern Asia; 
and the mud minnows (Umbra) are confined to North America except 
for a single species in the Danube Talley in Eiiro|>e. 

AnoUicr type of relict distribution is represented by those fishes 
of which only those tliat have adopted themselves to life in under¬ 
ground waters still persist. Among these are Lucifuga |BrotuUdae) 
of the caves of Cuba and tlie Amhlyopsidae with four genera and seven 
species in the subterranean waters of the eastern half of the MissiBsippI 
Valley, and one genus with two species of norinatly apisearing fislies 
in the coastal swamps from Virginia to Georgia* 

The gar pikes (LepidmUm) known from as far back as the Ter¬ 
tiary in America and Europe still occur in North and Central America 
and Cuba, and another vety ancient typs^ tfie bow fin (Aj7tia) lives 
in North America* 

Considering animals as a whole^ the vertebrates represent a rela- 
tively small, closely knit group of largo or very large types with 
exceptional power of adaption to changing conditions, most highly 
develops in tlie mammals and birds, the two cIhssos that were the 
last to appear and that have departed most widely from the original 
vertebrate stOTk, though in sudi a way aa to be complementary to 
each other rather than direct competitors. The present distribution 
of the vertebrates appeani to be mainly the end result of a series of evo¬ 
lutionary adaptations to dianging conditions in each class, within 
their ecological liiuitatjons, the most ecologically hmited clnsse^ and 
also the oldest, tlie fislies and amphibians, still retaining the closest 
approach to vertebrate distributiou in the Tertiary. 
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nrszcis probably occur in situataona more diverse than those oc¬ 
cupied by any other living treatures. Some of these situations, such 
as the water of tree holes and of hotsprings, the oil of petrolemn pools, 
and the surface of woodland snow in midwinter, are natural habi¬ 
tats where it is perfectly normal to find particular species of insects 
at one or more periods of their seasonal development. Other sub¬ 
stances, including the resin of coniferous trees, may trap insects 
that accidently become caught in the course of their normal movB- 
menta. A somewhat different situation is represented by snow, frozen 
and solidified into ice, which under very special circumstances con¬ 
tains the bodies of insects that apparently did not go to the vicinity 
by their own choice but tlmt nevertlielesa were preserved under en¬ 
tirely natural circumstances. Thus, in several places at high eleva¬ 
tions large ice masses or glaciers contain gra^hopper remains of 
uncertain age solidly frozen, at considerable depths. The best known 
of these frozen acciimulatioi'is of grasshoppers is in Grasshopper 
Glacier, located in Montana near the northeastern corner of Yellow¬ 
stone National Park. 

Grasshopper Glacier has been known for more than 55 years, and 
to entomologists (who are always looking for insects in strange 
places) and nonscientlsts alike the name of this glacier has aroused 
considerable interest. Unfortunately, few trained olraervers have 
visited Grasshopper Glacier, and there has been relatively little 
factual information about either the age of the glacier itself or 
the sources of the frozen insect remains. Recent observations have 
attracted further attention to the glacier and have contributed some 
significant facts on the grasshoppers which, at irregular interval^ 
fall upon the upper surface of the ice. For these reasons, it is 
timely to assemble what is known about Grasshopper Glacier. One 
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species el grasshopper, Meiano^hts mexicamia mexicamis (Saussure), 
has been identified as occurring frozen in the ice in large numbers, 
and so the historical and biological details pertinent to its relation 
to the glacier haee been giyen» A related grasshopper, MelanojUv* 
ruggleai Gurney, was found numerous in 1919, alive on tlie snowfield 
of the glacier. Because it was probably brought by air currents all 
the way from Oregon or Nevada, ivhere it is a rather rentarkobte 
and at the same time an important migratory species, the story of 
this grassliopper is also told here in some detail. As background 
for the supposed long flights of Metanopltm ruggltaL, i^ecords of ex* 
tensive niovements by other grassliopper species are reviewed, espe¬ 
cially one flight of ScMstocerca gregatia (Fotik&l) from Morocco to 
Portugal, for which tlie supporting circumstantial evidence is partic¬ 
ularly well documented. Those records are related to our subject 
because they round out tlie picture, demonstrati tig that flights as 
long as that from Oregon to Grasshopper Glacier have actually 
place. 

location and appearance 

Grasshopper Glacier is situated in the Benrtooth Bange of Park 
County, MonC, about 30 miles due west of Bed Lodge and about 12 
miles north of Cooke, an old mining town through which tourists 
now pass on their way from Bed Lodge to Yellowstone National Park 
(fig. 1). Tliough several small glaciers containing gmsshoppeis 
cvideotly occur in the same range. Grasshopper Glacier is the one 
most often visited. It is in the Bcartooth Primitive Area, which 
is mainly within the boundaries of the Custer National Forest and 
is one of the most rugged and scenic areas in the United States left 
virtually untouched by man. Granite Peak, the highest in Montana, 
using to nearly 13,000 feet, is only a few miles from the glacier, and 
the glacier itself is nearly 11,000 feet above sea level. 

Grasshopper Glacier is located in an old glacial cirque, which forms 
a natural amphitheater just over the divide of the Beartooth Mountain 
Front, and faces northward. West Bosebud Creek arises at tlie 
foot of the glacier and flows northeasterly as a tributary of the 
Yellowstone River. For several decades visitors have come by horse¬ 
back from Cooke to Goose Lake, which is about a mile and a half 
to 2 miles sonthwest of Gie glacier. From tliero they hike over a 
rough path to the top of the divide, which is just above the glacier, 
about a half mile beyond, spread before tliem amid a wild grandeur 
which approaches the majestic proportions of the Swis Alps. In 
the 1030’s the American Nature Association conducted horseback 
parties to the area, and for years Yellowstone National Park guide¬ 
books have briefly described the glacier as one of the natural wonders 
to be seen on special side trips outside of the Park. Since World 
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War II, matiy persons have come to (Soose Lake by jeep.* Because of 
ihe high altitude and frequent storms, July and August are the best 
montiis to visit Grasshopper Glacier. 

In 1040 the glacier was a mile or more In width and extended 
almost as far back, to the north slope of the mountain. There is 
some size fluctuation from year to year, but during the past several 
decades tliere has heeti an evident reduction in size. The lower es- 
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Lremity of the glacier is variously shaped where melting ocjcuis, but 
toward the northwestern end there is usually a vertical ioa cliff, 
whicli was described in 1D40 as 50 feet high. Folded and cruiiipled 
layers of icc, correlated with various anowfalla, are evident on tills 
“face.” Grasshoppers ecem to be embedded from top to bottom of 
the glacier, and above, when the snow is gone, they have been found 
frozen in the surface ice. Dark bands in the ice are popularly thought 
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to consist entirely of grasshoppers, but they usually oomprise dirt arid 
various morainic debris iti addition to grasshoppers. At the bottom 
of the face of the glacier, which overhangs a small lake, the grass¬ 
hoppers are still mixed with the dirt and other debria where melting 
occurs, Lorering (1S3S>, p. 41, pL 13), in an important paper on 
the geology of tlie area, stotes that birds and fish *^feed eagerly” upon 
the bodies of the grasshopi>ers os the ice releases them. He may Irare 
had reference to fish located some distance downstream, where some 
of tile better-preserved grasshoppers have been washed during pe¬ 
riods of pronounced melting, since it is not clear whether fish occur 
in the pond at the immediate foot of the glacier* Dr. J, R. Parker, 
of Boremnuj Mont., a lifelong observer of grasshoppers, has told me 
of finding large quantities of the badly decomposed and broken 
grasshoppers in 1&31. “As we approached the Glacier,” he says, 
^^the wind was blowing toward us and at a distance of about one- 
fourth mile we began to notice the odor of something rotten. When 
we reached the Glacier we found that grasshoppers had been uncov¬ 
ered by meltiug ice and had wa^ed down and over the face of the 
Glacier where they were in piles 2 to 4 feet deep and smelling to high 
heavena.” 


SOURCE OF THE CftASSHOFPERS 

How do the grasshoppers become preserved in the ice, and why 
are they here when most glaciers have no such incluslona in quantity? 
Dr. Parker boa explained to me the circumstances which he feels may 
be responsible for these conspicuous deposits in Grasshopper Glacier, 
The icD field of the glacier is in a eaddle between lugh peaks, and 
there is considerable air movement, the air being funnelcd between 
the peaks and over the glacier* Insects of many kinck settle upon 
the glacier and the surrounding snow fields, some doubtle^ being 
carried by air currents until they become chilled above the glacier 
and settle. Dr. Parker lias added: 

Ad other war in which large Dumbere of coald ha ve acCTUDil- 

lated on the glacier woylil be a result of a auddea chon^ of weattier cotidl- 
UoDH wMEe a Rwann of £jfaashopiwrs w&b paealng over the tilDclcr even thotiEb 
Lt waa toi> high to be afTected the eol4 aEr ImmeUlatelj ahfive IL We know 
that ffwarms of gmE3liopi>era rcDialo tu flight only while the air U warm- 
f^udilea to lower tem[>eratttreft, or doudlDesj*^ often eense them to close 

their wlug^s ninJ plummet to the m^oundl In Kreat nnmbera. Btortits are freqaent 
In the hijEti motintoluB, and oh OraBshopper Glacier In July 1 have Been warm 
bright ^niDJiy weather fallowed witbln ati hour by snow and near freezing; tem- 
pemtnrea, Ilad a awami of EnutsbapperB been OylDu over the O lacier at that 
time It would have descended upon It and have been emheddeil In the auow 
ami ice. t heUeve the Bnceesiilve iurje sceumniatlonB came nbout In thin wanner. 



GRASSHOPPER OlxACTER OF MONTAKA—OTmKET 


309 


Even if not brought down by a storm, grasshoppera falling on the 
snow or ice become inactive after a few hours and CTentiially die. 
Satisfactory preservation depends upon low temperatures and es^ 
cially ui>on the grasshoppers’ becoming embedded in the snow or ice 
before decomposition reaches an advanced state. It is lilccly that 
certain grasshoppers reacting the glacier decompose and disintegrate 
before freezing takes place, while others may be covered immediately 
by SHOW and frozen so that a perfect «deep-freczc” effect occurs. 

AGE OF THE GRASSHOPPER DEPOSITS 

The question immediately arises aa to the ago of the lowe^ Isye^ 
of preserved grashoppers- Unfortunately no reliable estiiiiate is 
available, though tliere arc plans for making a study by the carbon-14 
test, tlie most modem method available. This metliod is based on 
the fact that carbon-li decays at a known rate, and when the amount 
of carbon-14 in a particular object is known, its age can be calculated 
(see Kulp et al., 1&52).* 

Eoberts (1052) has briefly but concisely explained the and 
has discussed archeological materials that have been studied by this 
mcthocL 

In August 1951, Dr, Irving Friedman, of the United States Geo¬ 
logical Survey, visited Grasshopper Glacier and collected grasshop¬ 
per fragments from tlie vertical ice face for the purpose of carty- 
ing out a carbon-14 test at the Institute for Kuclear Studies, Uni¬ 
versity of Clueago. The san^ple proved, however, to be inadequate, 
being less tJian the approximate 15 grams of dry weight required, and 
so, on August 28-30^ 1952, I>r* Friedman again visited tlie glacier, 
with three associates, and obtained more grassliopper material.* 

Can It be that the ice at the bottom of Grasshopper Glacier dates 
back to the Pleistocene period or soon thereafter, or is it likely to 
be of much more recent origin i Tliovigh the eagerly awaited re¬ 
sults of a carbon-ll test seem the most likely to give a definite ana^ er, 
tho tdstorical geology of the area and some darification of factors re- 
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lated to the ago of Atnertcnn glaclct^ supply informntivo background. 

Bcvan and Dorf {I93S) give a brief digest of the topography and 
geological history of the Beartooth Bange, explaimug that in late 
Teitiair and early Quaternary time, following an upUft of the moun¬ 
tains, on ioe cap developed on tlie plateauUko summit of tlie range. 
The ice was extensive and wbcn at its maximum development com¬ 
prised 15 ditTcrcnt glacier systems in the northern and eastern parts 
of the Beartooth Range. Much of the area has since become a great 
irregular subsummit peneplain, some 3,000 to 4,000 feet above the 
surrounding plain, and sloping generally to the southwest. Upon 
this mountain mass the high peaks are arranged along a divide 
which runs from northwest to southeast. About the peaks many 
large cirques occur as silent testimony of early erosive glaciaUon, 
and in some of tlie scooped-out amphitheaters small glaciers now oc¬ 
cur, one of tlicm being Grasshopper Glacier, 

The presence of existing glaciers in the Beartooth Range was not 
reported during tlie first explorations there. In reviewing North 
American glaciers, Russell (1885) quotes one of the exploring geolo¬ 
gist W. H. Holmes, regarding small glaciers in the Tetons of Wyo¬ 
ming, stating that in the Beartooth Range he was “unable to discover 
anything approaching a glacier in appearance, even in the center of 
the great mass about the sources of Clarkes Fork and the Rosebud.” 
If entirely absent then, of course the preserved gmgahoppers of Grass- 
hopper Glacier represent very recent deposits. The first scientist to 
examine Grasshopper Glacier, so far as 1 know, was James P. Kimball, 
of the United States Geological Survey, who made a geological re¬ 
connaissance of the area in 1898. In his opinion (Kimball, 1899, p, 
213), Holmes did not visit the high country where glaciers are located, 
l^liave mentioned the Holm^ statement to several scientists who have 
since visited Grasshopper Glacier, and they too feel that it is unlikely 
that ho actually ])cnetrated the Beartooth Range sufilciently to locate 
the glacier, in view of its relative inaccessibility. 

How ancient are American glaciers, and do they all date back to the 
main “ice age”f In a series of studies by several investigators, tbe re¬ 
sults of which have been a^mbled by the late Dr. Francois Matthes, 
then chairman of a committee on glaciers of the American Geophysical 
Union, much helpful background on the question is supplied (Matthes, 
1941,19^u, 1942b). In brief, it appears tiiat a warm period, called a 
“climatic optimum,” followed the Pleistocejie and that the great ma- 
iority of glaciers now occurring in the United States did not then ex¬ 
ist. Studies of the salt content of Owens Lake, which is fed primarily 
by water from snow fields and glaciers in the Mount Whitney section 
of the Californian Sierras, andodier investigations, suggest that these 
“modern” glaciers may not date back more than 3,000 to 4,tX)0 years. 
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1. Front of Ice Cliff. July 1922 

y]tw from nif7rAlfte IkIow uDdonfDrmttijci crajnplmff of itt iiirata. Afch at 

ri^fbt BppArrntl}- due to oi’^rridlnj;! of met ndge. 



2. ORa±;hhopper c^lacjer, July 14. t922. looking East Across Top or lee 
CLEFF at the FRONT OF THE C>LACieR 

FboiogTAphi by Dr. \\\ C Aldeiit caurtcfy of X«Tloi?al Park Service- 
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PlATE. 3 


COMPNDSITE PAMORAhttC VltW OF JCE CLIFT^, LAKE. ANO SuiPF^OUNolNC AR^A, LOOKING SOUTHWEST, AUGU&T 2B-30, 1 9S2 
Mai El ar^a cif recent glacier Id llic kfl <if the iiktlinr. Ph-Ofogr^ipls by l>r. Irving FrieJman, V, S, C^colojgicjil SuFVicy. 
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Plate 4 




TWO OF ICEClLtFF AND LAKt: i|N Al>SU^ 1951. SHOWING SHELF OF ICE 

UNDiR CUHVED ICE CORNLCE TO THE RIOHT 

In 1953 tlsc *he]i wii Bon* and the laycn Uwfttli the rnnkt^ vm tpprdfteheJ 

only by luing m Swt. Fhotoi-rapbl by Dl ImPg FncdmAiip a S, Gcol-JglCll Sun cy. 





Near WestOTN End of Ice Cuff Umoei^ Curv^inc^ ICECoanicf 
Bonn]; a hdic in tivc at fn^nt of Icc cllF. Au|^il 19 ^ 2 , prcjpzr^ton^ !□ bla&tinf^ tis 

obuln dmnS« of ice containing grwsliopiwn. Photograph by Dr. Irving Fricdtnan, 
tourreiiy ol U. S. Gcolo^cil Survey. 
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PLJkTE 5 



2. Th£ ivloriE Recent Glacjeft. August 2, 194S 
Ixickirttt northeasterly. Margin of the Tnorainic coTi^ringof gladtr*' in forcprauTid at 
left; Tike to the left hidden by dome of the '^old glicier.^^ Photagraph by Barry Park, 
cotineiy of U. S. Foreit Ser^nct 
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1. Goose: Lake, on the Way to GRASSHOPf’ER Glacier, July ta, 1^22 

Fhcittjfjrsph by Ur. \W C. Aldtn, Tourtciy of Kilionil Part Stnict, 


2 - SPECIMfiNS QF PRESERVED GPA^SohqppeRB FROM THE GRASSHOPPER GlACL^P 

Ptioio^Apb fftjiii Cnun Pacific Syiicfn. ctnariwy uf Natkniil Puck Service. 
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M^L^KOPLUS MEXICAMUS MEXECAt4US (SAUSSl^RCj. ShOWInO DiFPCR- 

ENCE5 irsrSiZE AND WlJ^tQ LENGTH 

A, H'piCJil cuicrn spccimEn fmui SljOny Ktiici Xlountain^ ShcQAadcuh NitiDiiat FArkr 
193 B, mcMierjitely loni^winircd ipcclcncR irom Inieptnd^fioe. 1^; C, eiiremfity 
bn^wSti^ Apedineti of a type rarely foundK colleci^ fn^rd j luih ifrigaErd ALfmKfi Hftd, 
Chindlcr^ Arizen WSi Dp «n authentic hittofic ApedTTaen of Rocky Mtiuutiln graHhopjKr 
(from C. V* I^Eky coLieetioiOi cdlceted In MDiKnna Cemoty, Auguit IS 73 . En- 
li rilled illE^btly tpore tKin E#Scc. Photo^ayhi by Etoyd B. Kcitner^ SmEtluiamAn 
Inititutbru 




A 



PM^T E 8 







Sf>CjCI1MEJM£^ W MELANOPiguS f*UG04_E5i GURNEY^ ShOWINO DifFEHENCES BN SJZE 

AND WlhH^ LE-NGTH 

^ Kjlkiry ^liEEc from Rock Spndgi^ 1922^ female of |>hue frotn 

\S lid Ro4e Cknynrir Pan ittLiitl. Ranges I nji'o Counly^ Ca^ifL922 j c, fetnale In IntcrmcdlaTe 
phiK f^m iifilmrac^ OrcRr_, 1949; mile of gr^ear^oun (mi^itjory) ptiMC from 

^ femsie ofgie^arkiui phsw from Cerlich^ 
aihiK County^ Kev+, 1947. J^arged 2timei. Fhotogra plii by Floydi 3 * iveitnei‘+ 
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During this Beccnt period, in whklj we now Jive and to which tlie term 
“little ice figo” has been applied, there have in turn been diniatic fJuc^ 
tuationa. In the iliddle Ages comparatively mild conditions ciisted, 
but around A. D. 1600, as sliown by buried viliagea in Iceland and 
evidence in Scandinavia and elscwliera, there began a moderate but 
deHniUj expansion of gbeiera. In recast decades there has been a ter^d- 
ency for many, but not ail, glaciers to recede again. “The present re¬ 
cession of glaciers, which began id the iSDO’s and which since 1020 
has proceeded at un accelerated rate, is merely the latest episode in the 
‘little ico ag&i’ U may mark the end, or it may not” (Sfatthes, • 

Since Dr, Matthes’ death it has become increasingly evident that the 
i^ession of many glaciers is decreasing and some arc advancing again 
(Baird et ah, 1051). About 1 years ago a minor climatic change of 
increased precipitation and lower temperature began to occur in 
tllacier National Park. Frequently, some years are required for minor 
changes in cliniate to have noticeable results st tlie foot of a glacier, so 
slowly are eflfecta transmitted for the length of a glacier. 

As examples of glacial decline, the Easton Glacier on Mount Baker, 
Wash, receded 4,000 feet between 1908 and 1036, and some small 
glaciers on tlie Cascade Range in Oregon have entirely disap^red 
in the past 25 years. The recession of tlie Nisqually Glacier on Mount 
Rainier has been conspicuous and has been carefully recorded, amount¬ 
ing to 4,T0S feet from 1857 to 1951, an average of about 5,000 feet per 
year. There is a practical iinimitaiice to tlie mrasurements made on 
the Nisttually Glacier because water originating there contributes 
to the municipal water supply of Tacoma, Wasli. If the glamor even¬ 
tually disappears or becomes much smaller than at present, supple¬ 
mentary sources may be required. 

Changes in the size and appearance of Grasshopper Glacier have 
been observed by Dr. J. E. Parker, who lias given me an a^unt of 
five separete trips there. He first visited it witli Dr. R. A. Cooley m 
July 1910, and they found the glacier much as sliown m plate 1. He 
judged the exposed face toward the west end to be 50 to 75 feet from 
the ground to the top layer of ice and snow. He cut individual grass¬ 
hopper from the top layer at deptlis of 1 to 12 inches. GrasHhopi^rs 
also vver<^ found In lower layers where exposed at the foot of the 
and drie<l grasshopper remains were found under many small flat 
rocks wliich occiin-ed on the higher slopes adjoining Uic snow and 
icei field of the glacier. Dr. Parker reasoned Uiat this last condition 
indicated that Uie glacier at sometime lisd covered a considerably 
larger area and had contained grasshoppers (here before it had 
receded. He made other trips in 1922, and in either 1025 or 1026, and 
found the gen cm 1 app^ranco to be the same on each csccas™, During 
a 1931 visit he estimated that the face was 25 feet lower. TMicn there 
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in 1049, Dr. Parker found tliat iubiead of the shaip, high glacial face, 
as in 1918-31, the face had receded by melting and that there waa a 
gentle upward Blo}:)e to tlie snow-covered ice farther back against tlw 
mountain. Hie condition that occurred in 1951 is sliown in photo* 
graphs made by Dr. Irving Fricdnittii (pi. 4). 

At present the main area of the glacier apjwars newer than a dome- 
shaped mass of ice which is the best source of preserved speoimeiis. 
This dome, well shown in the photogi'aphs, ond sometimes known as 
tlie “old glacier,” is what remains of tlte imposing i«j clilf photo¬ 
graphed by Dr, \V. C. Alden in 1922 (pL 2). F. C. Curtiss, of the 
Custer National Forest Headquarters in Billings, Mont., attributes 
the large amount of new ice covering the “old glacier” to tlie wet cycle 
which has occurred tliere since tlie dry years of the 1930's. With the 
recession of the “old glacier” the pool resulting from the melting ice 
has become enlarged, and the face of the ice ditf is very dark with in¬ 
cluded morainic debris and with that which falls down from the 
covering of tlie dome above. 

Two princijml types of glaciere, from die point of view of age, oc¬ 
cur in the United States. The firat category, much in the minority, 
consists of those wiiich can witii “reasonable cci-tainty be said to have 
persisted from the Pleistocene ice age.” They originate at iiigher 
altitudes or for otiier reasons appear tiiiich more permanent. The re¬ 
mainder, avereging smaller and located nt lower akitudos for the 
most part, and including most of the glaciers of the United States, are 
t liought to have existed only during the “little ice ago” period. Thus, 
the ago of Grasslioppcr Glacier is very uncertain, depending on the 
category to which it belongs. Although most of the North American 
ghiders of the “uTicieiit” type occur in the Far West and Alaska it was 
believed by Jfatthes tiiat several of that sort occur in Glacier Na¬ 
tional Park, Slont., and in the Wind River Range of Wyoming. 
Jlore recent studies of the factors letiding to the development of 
glaciers have suggerted tiuit all the Glacier National Park and Wind 
River Range glaciers instead belong to the ^^recetiU* category, thus 
originating witliin 4,000 years. The Bcartooth Range gluciere have 
not been studied in detail from the stand^ioint of age, but they are 
comparable to most of the Wind River Range glaciers, with respect 
to altitude and their location in old glacial cirques on the east side of 
the divide where snow from westerly winds blows onto and augments 
the ice. The eventual placement of Grasshopper Glacier, regarding 
the category to which it belongs, may have a direct bearing on the age 
of the oldest insects there iticluded, 

THE SPECIES OF CRASSJIOPPERS PRF.SERVED 

Nearly 40 years ago preserved gra^ioppers had been collected for 
scieiitifio purposes from the ice of Grasshopper Glacier, but their oc- 
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wjis known prior to Kimball^s murrey in 1893. Prosp^tors 
in tlie iSSO's probably discovered tbem. JTotes at the United 
States National Muijcuni by the late A. N. CftudeU, a spec-iftlist in tlie 
identification of grasshoppers and relatwl jnsecta, include the remark 
that on September 26,1914, and November 17,1919, he prepared mem- 
oiundaon Grass)topper Glacier for Dr. D. O. HowBrcl, then Chief of 
tlie United State Bureau of Entomology, but the memoranda have 
not been located. An anonymous unpublished report from the His¬ 
torical Records of the Custer National Forest states Uiat Forest Serv¬ 
ice officers collected specimens in 1914 that 'ivera identified ns 
■plvi gprettiif wlxich vve none know as d/. m£*icanua vtes^t^TLUi. Un¬ 
doubtedly these siieciinens were examined by Caudell and led to the 
1914 meniorandura mentioned. Alden (lOSf^) tells of gatliering s^ieci- 
mens which likewise were identilied as spretus by Caudell. ihirtcun 
5 pf^iiiigns froni the glacier are in tlie National iluseiim. They are 
some what fragmentary, but two are males, w'hicii possess the sywcial 
features that are distinctive of species in the genus Mefanoplui. They 
are clearly Melanopiit^ mexteamts jnextcanit^, commonly known as the 
lesser migratory gmasliopper or Rocky Alountalu grnshopper. The 
significance of these tmo common names and the long history of this 
species will be told here only snfnciently to explain why the discovery 
of this particular grassJiopper in tlie ice is of outstanding interest. 

During the past century, especially in tlie 1870’s and l8S0*s, farmers 
of the Great Plains and of the western prairies beyond the Mississippi 
Kiver often were plagued by great hordes of grasshoppers which ap- 
|>eated in migratory swarms and devastated crops. In its typical 
condition the dominant species had pink or bright-roil hind tibiae, 
the wings were noticeably long, and migrations of muuv miles fre- 
ipiently occurred. This grasshopper hud various common names, of 
which Rocky Mountain grasshopper has persisted, though it was 
often known as a locust. The scientific name applied to it by Amer¬ 
ican entomologists during the early lS70s when federally supported 
investigations were in their infancy was Coieptetaii «preiwi Walsh, 
Inter changed to .^felanopfv^ (M alsh). About the same time, 

especially farther east, it was noticed that certain grassliopers could 
scarcely be distinguished from tpretu^t though they averaged smaller 
iiml sliorter-wingcd, did not migrate conspicuously, and the hind tibiae 
were occasionally pale bluish green. These jailer specimens are nf 
the lesser migratory grasshopper, given various scientific names by 
the older entomologists working largely independently of one another 
an<l not realizing that the subject of their study inhabits most of tem- 
iwratc North America and that it looks somewhat different in various 
areas and under different conditions of food and climate. Its identity 
as Metanoplm mexkanus mfxicanuJt was not finally established until 


314 ANNUAL RKPOHT S&dTHSONIAN INSTITtmON, l&fiS 


i‘e<^nt years (Hebarci, lOlTf p. 271), A more intriguing puzziei, one 
with thoroughly practical aspects, concerns tlie almost complete dis- 
iippearnnee of Jif. tpretus after the last big flights of the IfiOO’s. Oc¬ 
casional specimens commonly consideriHl to be abnormally long¬ 
winged representatives of the lesser migratory grasshopper are found 
from year to year, and during certain years moderately important 
Sights of that species take place, but in spite of its Importance as a 
pest there is no recurrence of the tremendous, devastating flights of 
the last century. It is now believed, with reasonable certainty, that 
only one species of grasshopper is involved in this particular problem; 
to it the earliest name applies. The species Is capable 

of undergoing changes in its behavior and appearance as a result of 
the ecological conditions of its environment. Thus, apretus is a syn¬ 
onymous name, and the common name Hooky IMountain grasshopiier 
applies primarily to the optimum migratory form of the species. 

THE PHASES OF MtCElATOllY CllASSHOPPEBS 

The realization that a few species of grasshoppere, apparently in¬ 
cluding the majority of tlie major migratory grasshoppers of the 
world,* hare this ability to modify their color, wing length, and tend¬ 
ency to migrate in sw'arms is one of the basic entomological discoveries 
of our generation. It is extremely Important because destructive 
migratory species formerly would seemingly disappear after a period 
of abundance, and frequently in their place only small numbers of 
sentteted and relatively unimportant grasshoppers could be found. 
Later, the migratory pest form would reappear in an unexplained 
manner. Credit for first suggesting that this transformation occurs, 
and for reporting the first observations that demonstrated it in the 
field, belongs to Dr. B. P. Uvnrov, now director of tUo Anti-Locust 
Research Center in J^ondon. This idea, which became known os the 
Phase Theory, was proposed in 1021, and by various entomologists, 
especially those working in Africa, it has been advanced from a theory 
to the realm of fact. It has led to a much more realistic approach 
to the whole problem of migratory grasshoppers,* and plai^ the 
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search for population build-ups and incipient outbreaks on u much 
more scientific basis than formerly. Aggregations of a spoeies ca¬ 
pable of undergoing phase tcansfomiation may be sampled and from 
the appearance of the individuals it can be detemined wbetlier they 
belong to the phase which typically is of minor iraport^ce (solitary 
phase), or ’whether in wing length and other ehamcteristics there is 
a trend toward the typically long-winged and highly destructive mi¬ 
gratory condition in which the individuals gather in compact swarms 
(gregarious phase). IVTiile the phase characteristics of samples aw 
sometimes clear by simple inspection of sj^iniens, in otlier cases it 
is necessary to measure parts of tlie body in order to obtain certem 
ratios wliich are valuable clues to phase diangc. The ratio most 
used is that obtained by dividing the length of the front wing (called 
die eljdpon, or tegmen) by the length of the hind femur; hence the 
abbreviation, EfF ratio. With dilferent migratory species the ratio 
that is most sensitive to phase changes, and thus most det>endnble ns 
an indicator of phase condition, varies. For instance] it has recently 
been learned that a ratio utilizing the width of Uie grasshopper’s h^d 
at the broadest expanse of the cheeks is very useful for identifying 
the phase of SeAistooerco prejamo, the desert locust of North Africa 
and western Asia. 

Now to return to the samples of m^ieonua mexicanva 

from the solid ice of Grasshopper Glacier, They were first identified 
as M. aprehis by Caudell who at the time did not have the benefit of 
modern studies by Faure (1033) and Brett (194() , which indicate 
the synonymy of spretus. The specimens I have seen are rather long- 
winged individuals auggcstive of the gregarious phase, but they are 
too broken to permit complete measurements to be made. FurtJier- 
more, the samples include too few specimens for a reliable conclusion. 
’iVhen Dr, Parker visited the glacier in 1®31 he noticed in particular 
the red hind tibiae of specimens uncovered by tlie melting ice. This 
agreed with tlie gregarious phase, thongh it did not rule out the wli- 
tary phase. When sufficiently large and perfect samples are obtained 
from the ice a statistical study of ih^E/F ratio may of itself be very 
suggestive of the correct biological nature of the specimens ^ ® 
older preserved layers. If their ago is also determined by the carbou- 
14 test or otlier means, we will then Imvo information on the pb^ 
cliaracter of this highly important grosaliopper for a known jicriod 
in its past history, the doors to which are now entirely closed to uB. 


LX j 4 a* Tkp MAlbtUtlfi for conftSiifm arc ittH furtfeef Inmttird 

fcr vblet) the term tbu tltirlj wtiftllMlirea. 
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LIVING GRASSHOPPERS ON THE GLACEEE 

Until 1949 nothing unu^al was known about living grasslioppers 
on Grassliopper Glacier, Forest I'angei's repoit liudmg gi'^usaJmppcrs 
and otlier witiged insects aUvo on tfie snow field each summer (F, C. 

letter of SepL On August 11, 19 22^ Dr. Parker 

lourt<l unuiy flying insects on tho snow of tlic glacier, including a live 
Bi>eciiiien of Pardalophom huidemamiii (Scudder), u widespread 
grasshopper common in both Montana and 'Wyoming. It was ij^pkal 
of species occurring at lower elevations of the surrounding urea. That 
grasshoppers sliould occasionally be found at high altitudes on snow 
is ifcot leniarkable. Cnudcll (1902) recorded them, taken in 1901 
from allow at the summit of Pikes Peak, Colo, Darrah (19S1, p. 101) 
described a striking instance of grasslioppers on fields in valleys 
near the headwatei^of the SL Vrain River, at the foot of Longs Peak^ 
Colo., witnesiicd by a ge<ilogical-3urvey party headed by Maj. J. W. 
PowelL On that occniriion, August 23> IStSS, they saw grasshoppers 
nundoHl by the cold ^ nujiicrous on snow Helds that they “literally 
could luivc been gathcird in wugoiiloads.’^ Two bears were feeding 
on Ihfc grasshopiiets^^ 

Aft to tho occurrence of insects on the surfjtce of glacicrsj Russell 
{I8S>T, pp. 13-14), after ruentionirsg how pebbles, part of the morainic 
debrk on tho iccs become warmed and melt holes Into which they 
sink, states, “Leaves are frequently blowm far out on glaciers anti, 
becoming warmed by the sun^ gink into the ice in the same inanner as 
the pebbles already referred to, and even insects, especially butter¬ 
flies, are conspicuous in such localities,^* 

On Augu^ 1, 1949, Dn Parker, ticcoinpunied by David G, Hall 
and Fnmk T. Cow an, hiked up to tlie glacier hoping to gather J^aniples 
of the pi'BServed grasshopiici^. Unfoitunately, little historic material 
wns taken, but attention was attracted to eoriicthing else—live grass¬ 
hoppers on the snow% Since time was shoi't, it being important to 
leave before darktiesEi fell, only about 30 specimens were collected. 
Dr. Parker has estimated, however, that tliere \vm about one grass¬ 
hopper to every 20 square yards of snow m the area visiteil, and that 
several hundred specimens could have been taken. Because of the 
inhospitable character of tile surrounding terrain, and the way the 

• A axTCODCit DrifanAlIUE !ti Of nicy, Colo., \n ttint 3iirf« dopoilfi 

or F;nuftliop|}€ni ImtHHlilpd |ft ahikw atnl IM Dft Uftnp Jd 

Moimtiln Kfttfrjnal Part, Colo. AKonlll^tt H tnlOacfir n«l 4 l«Dt, Hitt mtim of Itie- jcrau^ 
boppf-ra 14 by i#iirin 0 Id 187 a fl*!W from |be IiIdIdi DDfl Id I St 

■now tibd Ice of Glocl 4 >r, north of Lticvsi r(*dk. Opari fe4 on tht dead liue^tHK 

by TiAtdrtl r^frlETemlonk fflr w^varal yoarn. Tbfl guoiititf of 1^14 vm BotlW' 
ably hot anil dry Id tbat dr*a, lud ll Warn OHamed that thu Era^hopp4» uuroiored by 
me^ltldif wer^ the wanu^ rcfrOrEcd to haytf dowi^ to Iht^ Lougip pyak rculon dS 

boforc. So farther iDformutiDjj bcarlair on tlw- insrHraey of thlp ^QbcluBlon li eTmllnlile. 
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grasshopppra were distributee! oit the snow, it was obvious that they 
imd come by air. 

Tlw domJtiBiit species preseot was Melanoplia nt^jgksU Collected 
with rugglesi were two apecimens (male, female) of if. 
meieicanut (solitary phase) and one male of Trijiterotropk palUdi- 
]>enius (Burmeister). The latter is n widespread but not very iin* 
|Hirtiint grasshopper. All were abve, Tlvough then without a scien* 
tiBc name, had attracted attention in Nevada since 153ft (sec 

Gallaway, Ift^ft), and during tire previous moiitli both Hull and 
Cowan had obsen ed its flights in Nevada and Oregon. Botli men were 
itiimedintcly struck by the similarity of the specimcris on tlw snow 
to Uie material studied in tlie infested area. 

Specimens of ntgglesi subsequently sent to me were ideutilied inde¬ 
pendently and before the remarkable circumstances of their capture 
on die snow in Slontana, fur from the normal habitat, were cxplaiued- 
I was esifficially interested in the siiecies becaiiHe during the previous 
May and June I too had studied tills griisshoppcr in Nevada and 
Oregon. Briefly, the background concerning it is that before 193ft 
there are no definite recorils of important infestations, but in that 
year it Hp|>eared as a conspicuous migratory species feeding on sage¬ 
brush, nibhithrush, and other range plants in Big Smoky \ alley 
of central Nevada. Bands of immature individuals, or nymphs, 
advanced in fairly compact aggregations^ then, as wings developed 
fully, swarms of adults at first took short flights, f.ater, when the 
grasshoppers were more thoroughly mnlure, their flights became 
longer and were dramatic affaire when witnessed by entomologists 
or Tocal ranchers. An average of about 40 miles would be covered 
over a period of ti week or more before a swarm would de]M}sit the 
main egg supply for its progeny. These eggs would batch the follow¬ 
ing year and the bulk of the population would again move forward, 
usually in a northerly or northwesterly direction. By the late IMO s 
the migrations had reached southeastern Oregon and tiortheastern 
California and in Nevada occurred only in tho northwestern comer 
of the State. So far as then known to entomologists, the species bad 
disappeared from central Nevada, At first there was some uncer¬ 
tainty concerning the identity of this grasshopper, but it was seen to 
be Melan^phii accid 4 iit€d {9 (Thomas) or a close relative, 

lly 1949 field observations, and later studies of asaemblwl reference 
coIlwLions, convinced me that the grasshopper had not been named, 
and 1 proposed a name in memory of one of my former teachere at 
the Univereity of Minnesota, Prof. A. G. Buggies, himself an en¬ 
thusiastic stuclent of grasshoppers and at least twice a companion of 
Dr. Parker on trips to Gntsshopper Glacier. Little did he suppose 
that amid the ragged beauty of those great jwaks of the Bcartooth 
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Range a grasshopfXjr new to science would one day be collected far 
fiotn its native stirroundingB and be given his namel 

But vastly more significant^ from the standpoint of a field biolo¬ 
gist, were my collections in Big Smoky Valley, and other localities 
where migrations had occurred a few years earlier, for they showetl 
that still existed there, though in scattered numbers, and 

the wings w^ere shorter than in migrating swarms! A few specimens 
that obviously were completely solitary in phase char act eristics were 
found in collections of grasshoppers taken at Beveml localities in 
yea re before the important infestations began. Accordingly, phase 
transformation evidently occurs in though additional ob¬ 

servations are required to supply the complete details of the changes 
that take place and the ecol^^ical conditions producing them. 

Tlic spocimena of found alive on Grasshopper Glacier 

were clearly distinct from the related M. occidentalis which inhabits 
tlie surrounding area of Montana and Wyoming and practically 
all the Eocky Momitain and northern Great Plains regions. The 
long wings, well-indicated by the E/F ratio, w'ere typical of tlie 
optimum gregarious phase such as represented in migratory flights. 

DISTRrBUTlON OF ^^ELA^^OPLUS RUCCLESI AND PROBABLE SOURCE OF 

GLACrEH specimens 

In 194& the gregarious phase of ru^gle^i was known only In north¬ 
western Nevada, northeastcni: California, and soutlieastem Oregon 
(mainly in the vicinity of Danio), in any case a distance of at least 
5(10 miles from Grasshopper Glacier. A single specimen in the soU- 
tary phase was collected near Arco, Idaho^ by Hehu and Hebard in 
1028, and another of the same phase was taken at Rock Springs, Wyo., 
by Rehn in I&S2+ Field work may eventually disclose colonies of 
the gregarious tj^je in southern Idaho and thereby suggest the pos¬ 
sibility of their unreported pre^>ence there or at other localities in 
1&40. Owing to the widespread movements of rufffflesi when migrat¬ 
ing, however, and the phase changes that occur, collections made after 
IMS' ml] be unreliable indicators of what occurred in 1940. Mean¬ 
while, it is helpful to e^xaniine circumstantial evidence suggesting 
that a 1040 movement to the glacier from Oregon or Nevada may 
have taken place. 

Immediately after August 1,1S40, field men assigned to grasshopper 
survey work by the United States Bureau of Entomology and Plant 
Quarantine who were located in range areas both west and ea^ of 
Grasshopper Glacier were alerted to watch for in conjunc* 

tion witli thei r regular duties. No trace of Tu^^leii Avaa founds though 
occid€Tit<iIi^ wa5 collected and submitted for checking. 

In July 1949 extensive flights of ercurred in the infested 

area of Oregon add Nevada, and they remained in progress up to 
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August 1. Fliglits occurred both near groaud level and at considemble 
altitudes. The grasshoppers usually fly into the wind, unlesa it is too 
strong to make headway against it. Winds which approach 10 
milea per hour aro probably strong enough in most instances to stop 
the grasshoppai's or efloct a change of direction. Since it is well 
known tliat air currents play an important part in the spread of in¬ 
sects, I consulted Weather Bureau records covering the period im¬ 
mediately prior to August 1, 1049, for the area concerned. Through 
the kind cooperation of several Weather Bureau oflicials, It can be 
stated that apparently the meteorological conditions on and just 
before August 1 favored a movement to the glacier fi'oin the southwesL 
On July SSJ-30 there was a lO-miJe wind over sonthern Iddio blow¬ 
ing toward the east and northeast; this was strongest at high levels 
and may have carried the grasshoppers eastward. On July 31 there 
were strong eastward-blowing winds at 12,000 feet and above, weaker 
below'. Over eastern Oregon on July 30 there was a 10- to 20- 
mile wind toward the northeast at 10,000 feet above sea level. (The 
base level of much of southeasteni Oregon is 5,000 to 6,000 feet above 
sea level.) Reports from Boise, Idaho, and Ogtien, Utah, indicate 
strong upward convection currents over southern Idaho July 30—31, 
Archer B. Carpenter, supcrrlaing forecaster of the Salt Lake City, 
Utah, ofBce of the Weather Bureau wrote (letter of September 8, 
1949); “Several days prior to August 1, 1949, tlie winds at 10,000 
feet (above sea level) were suflicient to carry the gi-asahoppers from 
soulbeastern Oregon into southern ilontaim if they were able to reach 
that altitude. Winds below 10,000 feet were of a aimikr patteni but 
lower velocities, and at higher altitudes a similar pattern but usually 

higher velocities,*’ ,, , _* j 

One of tlie Grasshopper Glacier coUectorSj Mr. has reported 
to me his conversation with an air-line pilot who at about the muio 
time saw a swarm of grasshopiiers while he was flying in the vicinity 
of eastcni Oregon. Tlie circumstances suggested that tlie species 
might be rvgghi^^ 

OTHER LOMG'DlSTAtiCE MOVE.MENTS OF CRASSBOPPERS BT AIR 


In consider ng the iwssibilities of a several Jiundr^-mile flight of 
Tugglesi to Grasslioppcr Glacier, probably aided by air cuirent^it i® 
helpful to review records of long flights by other aj^ies. These 
records show that flights of several hundred miles actually c^ur when 
cireumstances are favorable. An esomple for which weather condi¬ 
tions were known and apparently times and ^inU 
arrival also, is that discussed by Waloff (10«) for the d^Jt ^ujt 
of Africa, ScJmtocerca grsgafio. Many individuals of this gni^ 
hopper were found in Portugal October 12, 

tial evidence, which Waloff explains m detail, and which I have sum 
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marjzed briefly here, imde her feel fairly certain that the grasshoppers 
originated in western MorcK!t! 0 ^ where they probably left the morn¬ 
ing of October 11^ arriving over Portugal late that night or tlie next 
day. The distance involved was 600 to 300 miles^ varying with dif¬ 
ferent localities in Portugal where, they were found. Very complete 
infomiation on grasshopper movements in Africa was available, and 
the nearest reiwrtad swarm of a comparable age, the degree of sexual 
maturity after the final molt in Uiat species being shown by color, was 
in western Morocco, On the moming of October 11 there was a sharp 
rise in temperatnre, which presumably would induce flight activity^ 
accompanied by convection currents and a wind blowing out to sea. 
A few miles offshore a strong wind from the south, averaging about 
30 milea per hour at 1,500 to 2,000 feet, was also recorded by meteor¬ 
ologists. The facts in this case are unusually complete, due In large 
part to the existence in Africa of a weU-developed organization for 
compiling data related to migratory gras^slioppers. 

The occurrence of 5n Portugal is not new, TJvarov (1928, 

p. 253) referring to its occasionally being found tliei'e and conclud¬ 
ing that “it seems eertain that iti all cases the appearance of the 
locusts has been due to strong swarms from Africa.*’ 

There are nmnerous recorded cases of long flighty by Sefustocer^^ 
gregaria, Scudder (t8T8) and Howard {1918) give separate in¬ 
stances of its being taken on board ships in the Atlantic Ocetin about 
1,300 miles from tlic Afritsan mainland. Uvarov ( pp, 34r-35) 
reports specimens of gregaria fi"oni the islands of Cape Verde, Grand 
Canary, and Ascension, and he says tliose occurrences can be explained 
only as the result of flights from Africa. Swarms of gregaria usually 
travel about 20 to 30 miles per day, and settle down at night ( Waloff, 
194G), so these unnsually long movements are of interest in illustrat¬ 
ing the potentialities of migratory grasshopj>ers when aided by espe¬ 
cially favorable weather conditio^is. 

FACTORS LNFtUENa^C THE MOVEMENT OF GRASSHOPPERS BY AtR 

Some basic principles bearing on long fliglits of grasshoppers have 
beeti treated in recent publications b.osed on liold work with the desert 
locust in Africa and the Middle East. J. S. Kennedy (1951) has 
analyzed the various factors involved in tlie behavior of sw^amts, and 
has presented a tlieory explaining long-range migrations. The chief 
factors arc the condition of the grasshoppers, gregarJousness, wind, 
sun, and landscape. The influence of wind was stressed, since swarms 
of greg^ria usually fly into the wind by choice. If the latter is too 
strong, howev er, as is often true when it blows about 9 miles per hour 
or more, the grassliopppi-5 are apt to turn aside. Then they most 
often settle or turn alxout and fly with the wind, Rainey and Valoff 
{1951) have given special attention to the effect of convection cur- 
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rente on Hying grosahoppere, snd tlieir observations l&ive no doubt 
that uprising currents are Uigiily significont in many long flights 
at higli altitudes. Flying grasshoppers which come under the in* 
fluence of convection currents in some instances are liable to be swept 
upward oven to tens of thousands of feet and at velocities greater than 
their fulling speed with wings closed. Such currents are probably 
responsible for various occurrences of grasshoppers on mountains 
at altitudes far above their normal habitat. 

In recent years tliere has been a growing appreciation of the ex¬ 
tent to which insects are carried by air cnri'cnte. Many of the spe¬ 
cies transported citlier fly weakly or not at all. This fact was well 
shown by GUck (19:)9), who described collections made during a pe¬ 
riod of several years in the Southern States by using ingenious traps 
mounted on airplanes. I recently reviewed tliis and later evidence 
which favors the occasional long-distance introduction of insects by 
natural air movements (Gurney, 19i9b), 

Further obserr.ations on the reactions of tufffflesi to 

external factors may be expected to show how closely this species 
agrees witli iSchhioceTra in its fundamental behavior. Like¬ 

wise, further collections from the layers of frozen grasshoppers in 
the glacier may eventually disclose specimens of ritgffIe»L Tliese 
w'uiild be of much historical importance, because they would sliow tliat 
flights occurred long ago, though we uoiv lack flight records earlier 
than 1939. It is logical to suppose that, at irregular intervals for 
centuries past, phase transformation of ru^ffhsi has taken place, fol¬ 
lowed by long flights. In fact, early reports of the United States 
Entomological Commission (RMey et ah, 1879, p. 106, App., p. 139; 
1880, p. 7) record large numbers and conspicuous swarms of grass^ 
hoppers in the vicinity of Golconda and Winnemucca, Nav., in 1877 
mid 1878. This is tlie place where, about 1947, a migration of niffgkH 
occurred, one in the series of recent annual migrations reaching from 
Big Smoky VnDey, Nev^ to Guano Lake, Oreg., over a period of about 
12 years. Circumstances suggest that the same graashop^r may 
have been involved in 1877-78, rather than ihe Hocky Mountain grass¬ 
hopper as then supposed. No preserved specimens are known, how¬ 
ever, and consequently the identities cannot he established. Grass¬ 
hopper Glacier may yet contribute much of Interest to the early 
as well as the current history of this Grea t Basin grasshopper. 

OTHER tOCATIONS OF FR.0ZE^ GRASSHOPPERS 

Although this account has been concerned mainly with Grasshopper 
Glacier, there is no doubt that grasshoppers which have been trans- 
)Mined partly by air currents have frozen into glacial ice in many 
places. Bevan and Dorf (1932) mention a second “griisshoppor 
glacier” of the Beartooth Range, located at the head of the West Fork 
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of Rook Creek. Its origin and coiiditioisa are probably comparable 
to those of the niairi Grasshopper Glacier which we have discussed. 
A«a^or<iing to Kimbal) (1809), there are grasshoppers embedded in ice 
on the slopes of Mount Dewey, located about 6 mil^ southeast of 
Grasshopper Glacier. He said that they are perfectly preserved, 
ns the ice is stiUioriary, instead of being badly broken as often occurs 
in a glacier that is subject to movenient. 

In tlie central part of tlie Crns'-y Mountaina of central Montana 
there is a “grasshopper gluder^^ at the head of Cottonwood Creek. 
During the warmer summers the grasshoppers arc exposed in large 
quantities. This glacier is labeled on a United States Forest Sei-viee 
map of the Gallatin National Forest, published in 1947 and on a scale 
of five miles per inch. A short distance southeast of this glacier 
is another containing grasshoppers, which is not sliown on tlie above 
map. The latter drains into Pear Lake, which in turn goes into tJie 
North Fork of Big Timber Creek. Both of the Crazy Mountains 
“grasshopper glaeiera*^ are mentioned by Dyson (1053)* 

Hayden; (1873, Pp 2) related the observations of two men in a survey 
party who reached the summit of the Grand Teton in western Wyo¬ 
ming. There were many flying grasshoppers (species not indicated), 
especially in August and September, which became chilled and fell 
on the snow and ice in vast numbers. There they melted myriads of 
tiny holes in the ico, enabling the men to cling to the almost vertical 
icy side of the peak. (Judged from present knowledge of Mel^noplvs 
ruffffJesi, September would definitely be too late in the season for that 
species to be on the wing.) Michelmore (1034) mentioned a dead 
swarm of S- in the saddle of Moniiit Kilimanjaro in Africa. 

Shipton (1034), an experienced mountain climber, reported hundreds 
of grasshoppers, presumed to be ffreffarhj which he found embedded 
in the ha re-ice Burface of a glacier at over 16,000 feet above sea level 
on Mount Kenya in 1929. 

This, then, is the story of Grasshopper Glacier, though many ques¬ 
tions remain to be answered. It is certainly nn unusual coUocting 
place for insects, and persistence and good luck probably will even¬ 
tually reward collectors with several si>ecics of preserved grass¬ 
hoppers as w*el1 as other insects. Because both Mel^tophts 
and Jf. m^ica7^us are important pest grasshoppers with 

unusual behavior and intriguing past histories, any new evidence from 
tlie glacier about them will be of interest to entomologists. Though 
the glacier with its preserved grasshoppers is a curiosity of nature, 
it is much more than that because of (Jie basic facts of glacial age 
and insect movement by air currents that will be more fully under¬ 
stood as fuilher information is gathered* 
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NOTE ON TflE CARB0N-J4 TESTS 

On April 15, 1953, after the manuscript of the foregoing article 
was completed, a reijort was received from Dr. W, F, Liliby, Institute 
of Kuclcar Studies, University of Chicago, concerning an exi^in innfri on 
by the cnrbon-14 method of grasshoppers collected in 195S by Dr, 
Irving Friedman in the deeper layers of the “old’'glacier. Dr. Libby’s 
conclusions are that the age may be most appropriately given as 
45± 300 years and that the limits of error would be 45:^600 years. 
This indicates tliat these grasshoppers are quite modem, and it seems 
deSnite that they are younger than €00 years. Unfortunately, the 
samples examined have been rather small, and the standard errors 
involved by this method are sufficient to make an age estimate of such 
relatively r^nt material quite broad. The results appear to rule 
out the possibility that the grasshopper deposits arc extremely ancient, 
and they add weight to the view that tho Beartooth glaciers are of 
relatively recent origin.— A, B. G, 


Recent Advances in the Study and 
Techniques of Anatomy* 


By Paul G. Roofe 

and 

Samuel W. Lesber 

a/ Uruveraitf d/ 


Axatomt has the distinction of being one of the oldest sciences 
known to man, Wc shall not attempt here to trace its history from 
its beginning but will try to describe a few recent advances in the 
vBiious divisions of iliis broad study^ Anetoniy in its present posi' 
douj among the biological sciences^ includes gross anatomy, embry- 
ology, neurology, and cytology. These can be broken down still fur¬ 
ther into smaller subdivisions. Early in biological history these four 
divisions were distinctly isolated phases of anatomy. Today all bar¬ 
riers among divisions of a scientific subjecti and actually among fieldd 
of science in general, arc ceasing to exists a result tlittt is creating 
a fusion of interests and a sharing of information* 

GROSS ANATOMY 

Gross anatomy had its early beginning among the BLibylonians and 
Egyptians and carried over into the early civilization of the Medi- 
ternmean area. The Greeks under Asklcpios and Aristotle failed to 
give us a complete picture of man^s anatomy. Through the Greek 
Galen, anatomy advanced considerably, but it was not until 1&3S that 
the first complete book of anatomy was written and that was by the 
Belgian Tesalius, with his “Epitome'' and ^^De Humani Corpus 
Fabrica/’ 

Descriptive groes anatomy has not ndTanced far since the time 
of Vesalius. In certain aspects, it is a sad commentary that modem 
textbooks of anatomy have followed the Vesalian pattern* There 
are a few brave souls vvho are presenting gross anatomy from a dy¬ 
namic and functional view, but by and large tlie teaching and study 

i B^prLnttd, WitJi Mtbb reTlpliPUn. bj p^nnlMlftll from TnSHCtiQai at thi Eman* AdftiJ- 
of toL tit, WOr X 1 & 31 . 
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of this subject have remained in a stntic state. The problems of human 
j;i'owth should breKk down, to a considerable extent, tliis situation. 

The physical ajitiiropoioipsts are now studying gross morphology 
of normal individuals and are comparing this with that found in 
slightly abnormal individuals. Tllis sort of infoimation is giving us 
a dyTmmic approach to our problem. The physical anthropologists 
in recent years, under the leadersliip of Weigenrich, Broom, Dart, 
and von Kuhlngeswald, hare been actively engaged in tlie study 
of ancient man. There seems to Iw no particular agreement among 
them as to man's exact origin, Afore pmcdcal problems in physical 
imthropoJogy iiave been approached by Hooton at Harvard. Such 
vital studies as size and shape of gas masks, ilte dimensions of cock¬ 
pits in airplanes, and dimensions of all types of garments in the cloth¬ 
ing industry are practical examples in which the physical anthro¬ 
pologist has played a vital role. Probably tlie most exciting t3''pe of 
study among tliis group of researcbci's is tlie work of Sheldon in 
establishing what he calls the three niorphogenic types. Thoj' arc 
the endomorph, the mcsomorpii, and the ectomorph. Prom hia studies 
these tliree groups of individuals have general ty'pes of behavior 
and mental outlook upon life. According to his classification, the 
man pos.wssing eiidoinorphy is a rather rotund, jolly individual who 
bus a mtber krgo giit nnd enjoys eating;; in fact, ho greatly enjoys 
life. The mesoTiioi'p}), on the other hand, is a muscular heavy-lwlied 
individual. Tlie mesomorphs aro the men who do the w'ork of the 
world^—sell life insurance mid in general see that the wheels of society 
wove along, llie ectomorph, on the other band, is a ratlier leim, 
In-ainy individual, less given to physical activity and has tendencies 
toward intellectual activity. These ore broad general terms, and 
wlien a single individual is being studied charts are so prepareil 
that tlie subject shows the greater cmjihasis in one type, but with 
characteristics in one or both of tlio others. Psychiatrists have made 
use of this claanQcation. These groupings aid them in a general way 
to point toward their diagnoses. 

Certain philosophers, esiJcciaily the school led by Charles Morris 
of Chicago, using Sheldon’s classification, have shown that persons 
with these different tendencies seem to have, in general, attitudes to¬ 
ward life with a certain physiological and psychological bent. For 
example; Aforris, who has given us 13 ways for patterns of living, has 
presented statistical data diowing that these Uirco classifications of 
Slicldon follow within certain paths and ways of life. It is interesting 
to see how a physical anthropologist classifies individuuls into three 
categories, then how tliis classification is taken and used by a phi- 
losoplier who has turned scientist {Alorris) to study ways by which 
man liv-es. These two systems—one by a philosopher-scientist and 
one by a physical anthropologist—dovetail very satisfactorily. 
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embryology 

A knowledge of embryology is fundaiiietital bo the iindci*standing 
of the edult organism, 'llie foundation for the science of einbryolugj’ 
was laid by Arislollo through his original observations and theoretical 
acumeu. It was he who said that if one wishes to understand the 
present sU-ucture, one must study its past eFolutionury liLstory. Kai l 
Ernst voti Baer (1792-1876) is, in the modem sense, considewd the 
father of descriptive enibiyologj'. Tliis early phase of embryology 
was predominantly descriptive of the changes m form and structure 
during development. However, since embryology is not n statin; 
science but one that is alive and dynamic, it is not looked upon as o 
science dealing with structure alone, but with form and function. 
Embryology tJieii, has paved the way to an undei-stnuding of how the 
adult organism reached maturity. 

Ill addition to morphology, embiy'ology has niade valuable contribu¬ 
tions to our understanding of developmental behavior. In this realm 
George E. Coghill (former head of the University of Kansas Depait- 
ment of Anatomy) laid the basic groundwork. His study of ihe de¬ 
velopment of tJio nervous system in the larval form of Am&yafom/i 
tig-rinvmy a primitive land vertebrate bclouging to the salainniHler 
group, show^ that behavior was not the wchJing together of Lndivid- 
ual reflex arcs as they appeared in the embryo, but that the organism 
behaved as a whole and that discrete individual reflexes emerged out 
of tliis total behavior pattern. 'Ihis work beg^n in 1913 and con¬ 
tinued until Coghiirs death in 1641. His contributions were signilv- 
cant in other fields tlian the straight morphological study of the de¬ 
veloping embr^'^o. 

Psychologists and philosophetu were eager and keen to grasp the 
meaning of Coghill’s contribution to the study of hclmvior. He 
allowed that in the development of any orguiiisin the anntomicii! and 
neurological structures came into being far in advance of tlielr func¬ 
tional capacity. Since Goghill’s study of tlie development of Amhys- 
fomc, similar research has been undertiikeu in higher organisms in¬ 
cluding man. It is generally held by tliose working in the field that 
Coghiirs conception of behavior holds true in all foriuB, Ua veil port 
Hooker, of tlie Univetsity of Pittsburgh, working for tlie past 30 years 
on embryonic and fetal development in man, has shown tliat the Cog- 
hillian principles of development hold liere also. The over-all picture 
of tliese findings indicate clearly that all ort^inlsins develop in an in¬ 
tegrating field, and during the course of this ortlcrly development dis¬ 
crete movements emerge which arc always under the dominance of ihe 
total organism. 

The picture of man's development from the single fertilized ovum 
to tlm fully formed adult is gradually coming into focus. Important 
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research on this phase of the problem has been conducted at the De¬ 
portment of EiX3bryology of tlie Carnegie Institution of Washington, 
D. C, led by the late George Streeter and followed by fecial ized 
workere not only at the Institution but throughout leading universi¬ 
ties of this country. By careful observation under rigidly controlled 
techniques in cooperation with gynecologists and the obstetricians, 
scientists studying the development of the human organism have 
mapped man’s structural development with a surprising degree of 
accuracy- The advances here in embryology have been tediously slow j 
they depend naturally upon securing embryos at an cjcact known date 
after fertilissatiom These developmental changes have been expressed 
in three-dimensional models, representing young human embryos 
ranging from a few hours to 21 days after fertilization. 

EXPERIMENTAL EMBRTOLOCY 

Despite the advancement in our knowledge of structural develop¬ 
ment, it became apparent during the latter half of the nineteenth 
century that the descriptive and compurative approach was quite in¬ 
adequate for a better understanding of the developtucntal process^ 
Tiioiigh descriptive embryology could sliow in detail how 6uch struc¬ 
tures as the brain and the ear develop, it failed to throw any light 
on tlie causes tliat led to their formation and later differentiation^ 
Hence, the causal-analytical approach was applied to embryologies I 
development, and experimental embryology came into being. 

Wilhelm Itoux (X850-1924), a Gorman anatomist, became tJie fore¬ 
most advocate of this new approach. Hans Spemarm (Qermnny ) and 
Ross G, Harrison (United States of America) soon took over tlic 
leadership in experimental embryology, Spemann in 1&35 won the 
Xobel prize for his discovery of ttie organizer. 

The basic problem of the experimental embryologist is one that con¬ 
cerns the concepts of This new generation of biologists 

continuously seeks tlie answer to such questions aa: Which factors de¬ 
termine the origin and further development of a given part of the egg 
or embryo? What effect does external environment have upon devel¬ 
opment f Actually, in such questions one Is nsking: Why and how do 
cells differ in their ultimate fate! Tlie mechanism of organ determin¬ 
ation liaa been care fully analyzed by the experimental embryologist, 
but it is doubtful if the whole answer will be found here. The classi¬ 
cal example Is the determination of the lens by the eye vesicle. It was 
found, principally by tlie Spemann school, tlmt the optic vesicle, nn 
outgrowth of tlie bruin, comes into contact with the overlying head 
epidermis and stimulates the latter to form a lens vesicle. When the 
optic vesicle is removed, no lens is formed. Tlic induction of a lens 
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is not an isolated case, for it has been found that the entire nervous 
system of vertebrates is called forth by an inductive net The recent 
work of J* Holtfreter (Rochester, Minn., a student of Speinann) and 
J* Needham (Cambridge^ England) indicates that the inductive proc¬ 
ess is mediated by a chemical substance. There is considerable dis* 
agreement as to its exact comp<^jtion in which speculation concerning 
its nature ranges from certain proteins, fatty acids, and nucleic acids 
to Needliani's steroids. 

The discovery of the organizer by Spemann and Hilde Mangold 
(192+) was of extreme imi^ortance to the experimental embryologist. 
It was found that when the upper lip of the blastopoi^, during the 
process of involution, was cut out and transplanted to the flank of 
another gostrula it proceeded with its invaginating movements. 
When tiiis transplanted material reached the inside of the gastrula it 
underwent diJIerentiation into a complete or partial embryo. Tliis in¬ 
ductive force in itself is not unusiiali but the most remarkable feature 
was that all the structures so originated were combined to form a 
whole, well-integrated, secondary embryo on the host. This organizer 
action h essentially and fundamentally a combination of self-differ¬ 
entiation and of complex induction. 

These studies on the nature of the organizer and the inductors !ed 
quite naturally to the origination of a new type of experimental em¬ 
bryology, one which Needham calls **chemica1 embryology,^ but be¬ 
cause of the broadness of its scope it could more appropriately be called 
^^physiological embiy'ology.” At first the investigations were purely 
chemical and of an analytical nature, e. g., the chemical analysis of 
whole egg^ Recently attention has been centered on the enzyme sys¬ 
tems as tlioy become active during tile process of development. It is 
here that the concepts of the chemist, the cytologist, the geneticist, and 
the embryologist merge. Physiological embryology is tlio basic or 
unifying branch of tlie whole field of embryology* 

CYTOLOGY 

Cytology deals with the structure of cells. To the biologist the 
cell is what an atom ia to the chemist and phyriesat, i, it is a funda- 
mental morphological and physiological unit in the structure of living 
organisms^ The development of this biological discipline has for the 
most part coincided with the development of the compound micro¬ 
scope* The earlier nineteenth-century cytoiogists were^ however, con¬ 
cerned almost entirely with descriptive or morphological cytology. 
The role that cjdology was destined to play in cell physiology did not 
begin to unfold until the estabLiahment by the Morgan School at Co¬ 
lumbia University of the chromosome theory of inheritance. This 
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approach resulted m the later utiihatbn of specific knowledge regard¬ 
ing a chemical and physical phenojticnon for the identification and 
localiziition of the cellular components. 

In spite of our increased knowledge of the cell, the primary prob- 
leiiis have changed only m degree, i. e., from morphological to ph^rsio- 
logicuL We are still interested in the structure of protoplasm sind 
in its submicroscopic or molecular structure and not as to wliether it 
appears reticular, fibrillar, or granular in nature. The cytolwgist has 
literally joined hands with the chemists, the physiologists, and tlie 
pliysicists in an attempt to unnivel the intricate workings of the cell 
in all the oomplci phases of its life—elcvelopmont, xnaiDteiianec, and 
i^procluction. We are not, howerer, concerned with these phases per 
$e but. instead witli the mechauisni of cell function during these phases. 

Cell function can be iiriderstot>d only through a knowledge of the 
intracdliilar components, that is, the chemical components ivliich make 
up tlie cell. At tlie chemical level, enzymes dominate tlie scene. 
Enzymes constitute more tlian half of the solid matter in most rolls. 
The number of different enzymes and their individual action and re- 
<|Liircinaitts may be astronomical in number. There is a rapidly gi'ow- 
ihg conviction that cells differ only to the esleut that their enzyme 
components differ. Waddington (1948) characterizes development 
as essentially a sequence of chemical cliangcj? that have secondary 
[physical effecU espress«?d in the morphology of the embryo. Beadle, 
in his work on Xenrospnra, postulates a one-gene, one-enzyme relation¬ 
ship. One wonders if the gene-enzyme relatioitsltip is that direct or 
that simple. It has been suggestetl, and there is strong support for 
the hypothesis, that the nnclear gene pressed itself by means of a 
cytoplasmic unit, t he so-called plasma gene. No matter how- the gene 
mokes itself fclt^ the final action is an enzymatic one. Potter (1950) 
says, ^4hat wlim a particular group of enzymes is organized in one 
way, a liver cell results; witli a slightly different collection of enzymes 
npproprmtejy organized, a kidney cell results; and with another as¬ 
sortment of enzymes* a cancer cell resnltsw’^ If function of either the 
normal cell in all its phases or the abnormal cancer cell is to be under¬ 
stood, the enzyme pattern which characterizes it must be determined* 

Cytology has p3ay^^d and is continuing to play an important role 
in determining these enzyme patterns. This development results in 
a new cytology, one which overlaps into the now-related fields of 
genetics, inorpliogenesis, biochemistry, cellular physiology^ and en- 
zymologj*. It ia, of course, a cytology based on entirely new' tech¬ 
niques?, i* e., new to the biologist. Many of these technique.'? were ac¬ 
tually Imrrowed as dcvelo[>cd by the chemist aud tlie pUysieist, while 
others have been modified to fit the needs of the biologist. These new 
procediirr^ have made it possible to identify^ localize, and in some 
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cas^^ to measure quantitatively chemical sub^ances witluii tlie ceU 
without radically changing it. It is this phose of cytology with 
which we shall now deal* 

CYTOlvOCICAL AND ^nCROSCOPlCAL TECHNIQUES 

proteim^ iiu^lde adds .—?^ortlinip (1940) in his diseus- 
sion on *^Erizymes and the Synthesis of Proteins,’’ eDipha:si^*es tlie close 
relationship which exists between enzymes^ proteins, and viruses. 
Nucleic acids obviously fit into the same picture whether one con¬ 
siders them from die standpoint of a conjugated protein, h e.^ the 
nucleoproteiiis, or as ens^^ymes. It itas been suggested tliat the nucleic 
acids may, acting ns coenzymes, funnel energy into metabolic actions. 

Chemically, cellular eomjjonents vary, depending upon the func¬ 
tion of the cell and the physiological condition of the niaiii tissue mass 
of w'hich the cells are a part. Despite tins chemical variability, the 
nucleic acids are always present as one of the fundamental conipo- 
nenU. It b Jiow well established that two typeii of nudeie adds 
exiet, riboriucleic acid and descjxyribonucleic acid. The two are to 
be found in both plant and animal cclb Kiboniicleic acid is con- 
centra te<l for the most part in the cytopla&m and the nudeohis, desoxy¬ 
ribonucleic acid in tJie chromosomes. The orgnnizaiion and perfec¬ 
tion of liistocheniical and cytochemieal methotb for the detection and 
measurement of nucleic acids at a microscopic level, have ati mu luted 
an intensely rene^ved intei'e^t in tlie nucleoproteina and their pros¬ 
thetic groups, the nucleic acids. 

Kerent investigations have shown that nucleic acids are involved in 
many vital cell functions. Desoxyribonucleic acid (DNA) condenses 
on Urn chromosomes diirliig division, at wluch time it becomes ap¬ 
parent that a new gene chain has been or is being synlhesizinj. There 
is, furthermore, an apparent high concentmtioii of ciUonuckic acid 
(RNA) in those tissues active in protein synthesis (secrctorj^ glands, 
embryos, tumors, etc*). Such self-duplicating bodies as viruses and 
plasmagenes, both of which may be closely n^hitcd to genes, have 
proved to be nneleoprotein in nature. In Muller's (liloO) opinion the 
genetic material itself, that is tlie gene, is a nucteoprotein, but he as¬ 
sumes that the difference between genes, like tlic speciScity l^etw'cen 
enstymea, lies chiefly in the protein and not m tlie nucleic acid. 

The most impressive technique devised for the identification, local¬ 
isation, and possible measurement of the two nucleic acids is that 
by Casperson (10il6), the iiltJ^aviolet absorption method. Casperson 
(1050) describes in detail tlie apparatus and procedures in lug neiv 
book, “Cell Growth and Cell Function.’^ Between 2500 and SOOO A. 
the absorption of tlio cell is usually dominated by that of tlic nucleo¬ 
tides and |irot^ins. Tliis broad bind can be further broken down to 
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narrower limits: (1) at 2GOO A* absorption of the pyrimidine or purine 
ring of the two tiuoleio acids occurs \ (2) at 2800 A. there is found the 
ma^inia in absorption of the aromatic amino acids. 

Ultraviolet methods^ wheti prupei'ly controlled, give a measure of 
tlie total nucleic acids, but the two main types (RKA and DNA) can 
be distinguished only by removing one or the other througli treatment 
with It spocifie nuclease. There has been considerable controversy 
about the ultraviolet absorption of living cells; e. g., it has been found 
that the amount of absorption mcreases w ith tlie length of exposure. 
Comnioner and Lipkin (1949) raised the question os to the degree of 
orientation of the nucleic-acid jnolecnle. If the molecules are ori¬ 
ented, is tlie orientation sufficient to invalidate the quantitative data 
BO obtained? A second probable source of error lies in the danger 
of light scutteringt w'hich Casjierson (1947) has discussed in detail. 
In view of tlie above factors one sliould accept with caution any 
theories based on their quantitntive value- This conclusion docs not 
mean that ultra violet spectroscopy is without value, since qualita¬ 
tively the information is invaluable. 

Chemically the nucleic acids can be identified and localized by: 
(1) the Feulgen reaction ^ (2) basic stainings and (3) Brachets ribo- 
nuclease technique. 

Feulgen and Kossenbeck (1924) adapted the Schiffs-basc reaction to 
cytology for the visual identification of desosyriboso nucleic acid. 
Under proper controls this procedure is qualitatively specific, tliough 
thero is little to support its quantitative value. The c^ctensive litem- 
til re on the subject haa been reviewed fay Stowell (1945) and Lumb 
(1950). The latter author in the same paper critically analyzed all 
the more commonly u&od nucleic-acid tochniquos. 

Of equal importance are the methods for the detection and localiza¬ 
tion within the cell of various types of enzymes. Most techniques 
of this sort involve incubation of the cellular material in a suitable 
substrate solution, with tho production at tlio site of enq^matic acti vity 
of a colored substance or of a substance which can be converted into a 
colored compound. Tliere are tests of this nature for the localization 
of cytochrome oxidase, pcrcjxidase, amiino oxidase, lipases, proteases, 
glucoronidase, phospliorylase^ alkaline and acid phosphatase, and 
others. None of these techniqueSj with the exception of alkaline 
jihosphatase has been sijbjccted to a critical analysis* Dauielli (1946) 
establisited the validity of the ulkaline-phosphatase technique when 
properly controlled. A detailed account of the possible significance of 
tlie alkaline-phosphatase enzyme to nucleic acid and protein metab¬ 
olism and the process of calcification is to be found in J. R. G* Brad- 
field^a recent review article, “'fhe T^alization of En^ymi^ in Cells” 
(1950), For procedures, consult GIick*s (1949) book, ^^Techniques 
of i fisto- and Cyto-chemistry.” 
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possibility that various enzymes may bo bound 
to or absorbed on mitochondria motivated tlie development of the 
technique of tho separation of cellular componsuts by centrifugation- 
'rhe earliest importatit separation was achieved by Bensley and Hoerr 
(1D34). In their paper tliey describe the process of isolating large 
granules which proved to he mitochondria. Subsequent investiga¬ 
tors (Claude, Dounce, Hogeboom, Lazarow, Mirsky, Ifoog, Balade, 
Pol lister, and others) perfected the differential centrifugation tech¬ 
nique and isolated in addition to milochondrift tho much smaller mi- 
crosomes, glycogen particles, whole nuclei, and chromosomes. Tests 
for enzyme activity confirmed the original postulation tJiat mitoclvon- 
dria are the most important ate of intracellular enzymes, If one 
recognizes the obvious limitation of tliis technique which destroys the 
ill trace 11 ulftF relationships the results obtained can be estremoly valu¬ 
able in the identification of enzyme systems. 

AfiifTvcfiemiiial analysis af hiolayieai maletials. —lA>wry and Bessey 
(1D46), through the use of a specially designed ciirvette and the 
preparation of materials at low temperatures {—20' C.), adapted the 
Beckman spectrophotometer for tlie measurement of the chemical 
components of extremely minute sections of cellular material. Tliey 
were able to obtain quantitative measurements on volumes as low as 
25 emm- (0.025 mh). Witli their adaptations, for eiample, (hey 
hare measured ascorbic acid in 0.01 ml. of serum, ritaniin A and caro¬ 
tene in 0.035 to 0.06 ml. of serum, and ascorbic acid in the blood 
cells and platelets of 0.1 ml. of blood. With this technique it is con¬ 
ceivably possible to make quantitative analyses of whole nuclei 
cleaved from frozen tissues. 

l/ftfi-orfiaaccifon.—Oncof the outstanding techniques of recent years 
has been that of microdissection. There are four or five different 
tyiJcs of microdlEsecting InstnimentB, but tlw one used by Cliambers 
probably leads the field. In this approach to the living cell, small 
needles or knives are made by drawing out glass tubes or glas rods in¬ 
to very fine points nnd edges. These tubes are then placed in holders 
wliicli can be maneuvered most gently and accurately within ranges of 
1 or 2 microns or fractions tliereof; nuclei of cells can be removefi? 
chromosomes can bo pulled out; myofibrilln and neurofibrilla can be 
tea.sed and pulled out of their respective fibers by this ingenious 
method. By this application sci enlists a re agreed now th.st the.se struc¬ 
tures can no longer be considered artifacts, but actual organoids of 
the living cell. 

Another advantage of the microdissecting teciiniques is tliat small 
quantities of material can be injected into a living cell, thus enabling 
the student to study eX[)erimentally the functions of various proto- 
piasriiic coristituent^. 
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The trmisiUv^hiiai&r^—Qtx^ of tlie most fascinatLog 

techniques tit at has been devised in the last few years is that of the 
quartjs^rod-tfansiiluminator method of Dr. Melvin H* Knisely, head 
of the Department of Anatomyj University of South Carolina. This 
technique permits light to be brought to living tissues In which heat is 
tiot transmit ted- Only the heat of irradiation is presentj and this can 
be eliminated or drawn off by the continuous flow of normal physio¬ 
logical salt solution over the tissue being observed. Throe outstanding 
discoveries in recent years have been made by the use of this tech¬ 
nique- In 1035, Knisely discovered that the spleen had a close<l circu¬ 
lation and bad the power of regulating the amount of formed elements 
of the blood held witliin one of the individual units of the spleen, 
namely, the sinusoid. This observation was a rather striking dis¬ 
covery. Knisely could actually see the sphincter activity of an indi¬ 
vidual sinusoid after it began to constrict and hold hack the blood cells 
while at the same time allowing the plasma to escape through the lat- 
tiedike wall of the individual sinusoid. In studying the liver Knisely 
also showed that there was a sphincterllke activity at the point just 
before the sinusoid enters the central vein. In both the spleen and 
liver he showed that there was a rliythiniclike activity of filling and 
emptying the individual sinusoid. He ali^ established the rate of red 
cell destruction by the liver in its selective phagocytic function. Here 
he showed that m a red cell became old or injured in some way, a lin¬ 
ing cell of the liver sinusoid instantaneously engulfed the red c^ll. 
This effect was not only observed and reported by Knisely, but his 
color photography is superb in showing the above actiinty. Knisely's 
discovery of sludged blood was a unique revelution to tlie medical pro¬ 
fession. Using the quartz-rod-transillumiiiator method, he showed 
that under pathological and disturbed conditions in all animals studied, 
red cells of the blood stream were agglutinated within the vessels them¬ 
selves. Even in minor injuries, especially in surgical shock, sludging 
became esce^sive. In more than 600 human patients observed by the 
quart^-rdKhtraiisilliiminator method in the sclera of the eye, Knisely 
lias observed a sludging of blood. This sludging is observed in vary¬ 
ing degrees of intensity from the result of a minor cold in which there 
is very little sludging to extreme cases of malaria where excessive 
amounts of sludging occurs. Knisely has concludeti from his studies 
that all human ills produce this phenomenon. 

The next big step that will follow undoiibtedly wrill be a discovery 
of some method of *^unsludging^ the blood. Intensive studies in 
several laboratories are now under way to understand more clearly 
the factors involved in producing the studgo in the Srat place. The 
study of sludging is being absented on experimental animals with 
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cuncer of various origins and other diseases. Human patientin a 
few oentcis of Ameriea^ ai*o also l>eiiig studied intensively. 

PJIASE SIICKOSCOPV 

Phase microscopy is used to observe niaterials that are too tmns- 
pai^nt for ordinary brigiit-field study. Specimens usually include 
such objects as living organisms^ unstained tissue, slightly pigmented 
or faded preparationSj emulsions^ mid plastics. 

The American Optical Go. offers tlie following brief explanation 
of the theory of phase microscopy: 

in tile l*hjxix nilcto^eope a dlffmetioa plate or rtiattoe Is added wltbtn the 
obJet-Uve and un annalar dlaplimaiD Iwlew the of the Lright-fleld 

mtcruscope, thereby eoavertluK sMslit and tiiivLnlbie altemtloiis of n^t 
thronglj the Into iauiges which ciny he Been and photographed. The 

annulus In ibe condenser controls the UlmDlnntton on the imfractlon plate or 
coating, where the light frooi Uie aiiecUnen and Itj^ aurruimd la selcKtlvely 
mkKUUed BO that U wLU reeoiiihlnn Into an tmiige of adequate vfalbUUy. The 
ranj^e of phaue objoetiven niake^ po&^Sble Ewveral degrcee of eautraat, with or 
without reversing of bright nod dark detalL^, to provide beat vlfllhUlty, to empha¬ 
size detallt end to Injure that no detnU is missed Ln tho mlcroacoplc e^namltiatlon 
of aneh oiaterluls. All objecllvea have ineorpomted Into them the Latest develop- 
tuenl^ in Uila relatively new held. 

THE ELECTRON ^IICilOSCOPE 

Tlie electron microscope has so far only liruited application in 
biology. This limitation is brought about by the fact tliat the material 
^nudied luis to be in very higlily deijiccateti condition and tho thin¬ 
ness of the material is of an extremely small order. One cannot 
observe material that is 2 or 3 microns in tliickness. It lias to be 0.3 
or 0.3 /I in thickness in order that tlie electron microscoi>h can bring 
out in detail structures thut could not otherwise be seen. Its greatest 
use eventually^ and probably even now", is Uiat it can deal with large 
protein molecules witliin certain hbrillae of protoplasmic strands. 
However, it may be that new inventions or new techniques in electron 
microscopy will render this instnimcnt moi'o useful to biology. The 
instrument do^ not use ordinary light source, but depends upon 
X-ruya to bring out the objocta observed. Instead of glass or quartz 
lenses, tlio lenses of the electron microscope are large electromagnets 
which may constrict or diifu^ tho X-raya as an ordinary microfscoiic 
does light. 

tissue culture 

Tissue culture has given us considerable advantage in studying 
living systems. Under this technique, cells or tissues may be removed 
from tho living body and kept alive in a medium adequately supplied 
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by necessary Dutrient requircjnents. Thus one is enabled to experi¬ 
ment indefinitely upon various tissues and cells. An outstanding 
esamplo of a contribution by this technique was that made by Dr. Boss 
Harrison, of Yale. He was able to show, for example, that ail the 
cells of a developing nervous system were independent of one another 
and did not unite in a common syncytium. This tissue teehuique has 
many ramifications under varying experimental approaches. 

ISOTOPES 

The tiiost recent types of technique In niicroscopic anatomy are 
those concerning triiccr isotopes and autoradiographic procedures. 
The fondest hopes and dreams of scientists Imre been to determine 
uecurately the presence of any particular substance at a given time 
within certain tissues of plants and animals. Not only have tliey been 
used to determine accurately the presence of such substance, hut 
also as a method show ing how the plant or animal organism metabo¬ 
lizes Utese materials. By radioactive isotopes, one can, either by tlie 
geiger-councer method or autoradiographic techniques, determine 
the pinsenoe a ltd amount of any substance that is eitlier naturally auto¬ 
radioactive OP artificially made so. One of the most common uses 
of radioactive isotopes in this particular field has been to determine 
the uptake of iodine by the thyroid gland. By giving mdioactive 
iodine to an individual, the amount of iodine absorbed in tiie gland 
can be determined. Under experimental and normal conditions, one 
can determine to a certain extent the manner by w’iucb the thyroid 
gland utilizes iodine. These new techniques are used not only in 
tracer work but also in therapy. For example, the sdmiiiist ration 
of radioactive iodine to a patient sutToring from cancer of the thyroid 
gland will alleviate, and, in certain instances, cure the cancer. 
Due of the most striking examples of this technique is the study in 
whicli the bod 3 ' metaboiizes radium. It has been known for many 
years that radium, strontium, and barium buve a great affinity for 
bone. In vest igators wou I d like to establish posi Lively whether radi um 
behaves ns calcium does. 

In our own laboratories, for example, Dr. Frank Tfoecker and the 
senior audior of this paper have shown that radium is not distnbuted 
evenly or uniformly througliout the bone eiUrer in the rat or in man. 
We iiave devised techniques where we can, by autoradiograpbic 
methods, determine accurately in space, not only the presence of 
radium but the amount found in bone after its adnunistradon into 
tlie body. Our technique is one In which w‘c determine photographi¬ 
cally by our autoradiographs tlie presence of radium in any particular 
spot by superimposing the photomicrogram of tlie bone and the 
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AUtor-adiogram of the photomicrogram of ih^ alpha particlo tracks. 
We feel ibat this tohnique is probably the most accurate a¥iiilablaK 

NEUHOLOCY 

Neurology is loo broad a subject^ covering both the basic seknee 
and clinical fields^ to be treated here. In the study of neurology the 
mathematician I the engineer, the pathologist, and the physiologist 
have opened a new field, namely, cybemeticS| wlikh is the study of 
conununication id the animal and the niachine, 

REFERENCES 

Ahtbijbt, D. 1. 

IMri. The ftirms of bloltiEjlciil molecules. In on Groivth and Fortn^ 

p_ 300. Oiford. 

EAitiwiP.\ Er 

1047. Djiininlc aj^pect^ of bloehemtetTy* Cambrldpe Unlr. Press. 

B. B.t and HOCSr, N. L, 

1034. T3i& prepamlLoD and pro^iettlds of mltocbondrla. Anst, Rec^ voL 
00. p, 440. 

BOUBHEt H. 

10^. Cyfolcoy and cell Oxford- 

1043. Tlie dJiitrJbuLlQD of alkaJjae phwfpUjLlase In taKoue tfsauea. Quart. 
Joatn. Exp. physiol^ vol. 3^p p. 1, 

l^nAmrETp J. 

1033 . Keeliemhes aur la sjaUifeie ile Taclde tliymoimcilelgyc pendattt le 
deFeloptnoat d^ ycMuf d'oai'sin. Arth. Elol.p vol. 4’!, p. Gill. 

104ES. Embryoba^e cblmiaiieu 2d ed. Ll^ge. 

1047. Nucleic acids In tbe cell and Uic embryo. Symp. Soc, Eaep. BloL, 

val. 1 h R. WT. 

Ifainfi^n. J. B. G. 

1950. The locaUxatioP of eniymea In cell b. Biol. Btr^., toI. p. 112. 

a. J. 

1050. The hUtOflieinlatry of Mpolds In animals. BloL Rev.p lol. 35, 73. 

CASPflEBONp T. 

1036. CbCT deu chemlscli^ Aufbau der Strukturcu ctes IScllkcrne^. Skand 
Ajch. PbyaioL 8upp1. No. 8 (to vok 72>, 

1&4T. The relation Ijcttveea auckle acid and procetn a^mtbeals. Sympv Sac 
Exp, B|oL^ Tol^ If p. 127. 

1050- Cell oTOwth and cell fimcLEon. New York. 

CLAunEp A. 

Ili43. Dlsuibatlon of nucleic aclda la rho irell and tbo morphologlcat cou^ 
EtUntlon of protoptaBai. Blot. Symp., toL 10+ p. 111. 

COdHiTJ^f GEoaoE E. 

lOfiO. Aoatabiy And the problem of beba^lor. Canabrldjto Unlv, Press. 
C'oifMOTcimp B. 

1940, On the Laterpretallon of the absorption of nltraTlolGt light by cello- 
tar nucleic adds. Science, vol, HO, p. 31^ 

Gdujudno^ B., nad LtPni?fp D. 

UNO. Tbe applEcntLoa of tbe Bei^r-Lambert I.iaw to optically aniBotropic 
syatemB, Science, vol. 110. p. 41. 


340 REPORT SMlTHSONlAN^ INSTETUTIONj 


DANiiaJLJ^ J, 

:04a A erLtical Etudf of tlie tedusku^?* determlniDf the cytological 
position of dlkAllue phcuqThati^f^, Journ. Exp, BloUp toL 22, p, 110, 

1B47, A BtuO^ of Leclmiqiie^f fot the cytochefflleal doiuDiistrUtloii of nuelek 
acJds dnd ^OHflO compniMenta; of proleift;?. Syoip. Soc. Kitp- Biol., 
toL 1. p. im.. 

DOOTCC, A. L, 

]iM3, Eozyiae studies ou iBOlfltod cell auclel of rat llTer, Juum. BloL 
Cheni., voL 14T+ p- OS5. 

B.p and B. 

^MlkroshoplBch-obewlechw Kiichwehi otnof NuclcUisEMre und dio 
darudf tserubenile elektlvo Fttrbuo^ Tot) SSonkernao Id ndkroo- 

koph^beD RrWpamten. SleltwUr. Fliya. CTienL, ’fOt. 135, pp. 20a-24S. 

FKET-WVfiOLieTO, A+ 

llHS^ £5ulinikTOflMple morphulos^' of protoplasm and ItB dprivatlrea, Neiv 
York. 

GUoR, D. 

IIWO. T^^qLE^qtlGs of bSsto- nod cyto-eliomifltry. Notv YotiL 

Caubi^er, VlKTOIt 

1047. ExpoiiiaeDttU ejobryology. Hccyclopaedfa Brltannica, vol. &, p. 073. 

llARia&o.v, Rasa. 

1033. Rome dUBeultles of the determSnation-problem. Amor* Kat.+ toJ. 07, 

p. m. 

IlAcrsowiTK^ Felix. 

lOGO. ChetnlBtrj- and blolo^ of protetna. New York Aeademk FreaSh Inc. 

HiMimNOlC, Qr H.r Bdupteiueb, C.p dtieI D?;iXAtiEi G. K- 

1D4S. [solution of Intact tnltDcbaQiirlii from rut iJver. loiim. BEoL Cbem. 
Tol. IT2. pi bl&. 

HOLTraETCi^ J. 

104B. Cottecpts on the tnecbaalam of embi^onk Induction and [hdr rdA- 
tlon to ptrUiopenesls and taaUgmncj^ Rymp. Soc. Exp. Biol.^ 
toL 2, p. 17^ 

Hooker, Ba^tcmpobt* 

1M4. Origin of oTert hebaTioT. Untv* Mlchti^au PreBs. 

H4»on!?t Rar>ebt Alufjet. 

]b4Ti Up from the ape. New York. 

nvDE."t, H. 

1947. The niicleopmto^n la virus reprodnction. Cold Rprlng^ Harbor Bymp. 
Quant. B3oL* voL 12, JL 104. 

Ktvisel\%MelviSh 

1O0O. Spleen studies. U Mlcnwcoplc obaervattons of the clroiilatory 
ayetem of the llvIOA tmatimiilated mammalian spleena. Anat* Bee., 
voL 05> pp^ 23-50. 

Lazarow* a. 

1043. The cbemloal strycltire of cytoplaant . . , Biol. Bjmp-t voL 10, p. 9. 

Lea, I>. F. 

1947. ActtooB of radtatlona on living cells. Gambrld^. 

Lseema^* F. E. 

1945^ EinfQhmng Id die pkj^lolo^ncbe EmbrjolOAle. 

Liao:}^, Ij, 

1096. Illstocblmlc anlmale. Paris. 


TECHNIQUES OF ANATOMY—ROOFE AN1> LE&HER 341 


Loivut^ OLfYEB Up nnd Om 

liMfl, Thsi AilAptatiou of thti B^kmAn epcctr^^ptolonieter to itLeoBtiTeiDeiiti 
oo m|nai& fiunntltSes ol bloLo^Icnl mHtotlfdSu Joum. BlciL Cboni.p 
Toh IG3p ppL *i33HJ30. 

LUHBpETJiH SmL 

lOOO. CyttH^lienikul |:tAl^l:lon£ In Ducltlc nddsr. Qiuirt. Hst, Blot.p 25, 
p. 27^ 

MiBAKTp A-i pud RiSp H. 

1W7- Tlie <!hemicfll compc^iUon of chromosonj^. Jpurp. Gen- 

Tol. Sir pi 1+ 

1040. Vp lipblo Piid pojuftant cti'iiipo&eiiilii Pf dtLrompsoniiCflr Nature, ^oL 1^, 

p 

Mooq^ F. 

104C L<?calJiQlioiLs of alknliiie nnil ftcld plioaplmtasea to tbe earlj emLryo- 
l^nesU of tbe cIiIcIl Hlol. Boll,, Woodi^ Hole, voL p. 51. 

1040. The pliyarolo^epl BSgniflcance of the pho-fphotponoeeteraijea BiPL 
Rcr.T( Tol. 21 p p. 41- 

AEpHRIB^ CRAlLKB. 

1042. PPthiiPfUfP. NewTork. 

Mt'LLEk, El. J. 

1050, SoDip pre^nt pn^btenw in the iseaeUc effecta of radiiitton. Toutti- 
CelL Comp. PtL^Blol, voL auppl 1, ppr 9-70. 

XElDKAM, J. 

194^ BJoehemlstr? and motplio^eiH^t^ Con^brtd^e. 

NoftTHBOP, John H. 

11M0. pad the ayntheKb of protoiDB, the chointistry fltnl ply-aiolofe^y 

of cETowth. VoiL 1. Fl'3ncets>n Unlv^ Press. 

TUnOPUYLUH B. 

1&44. A cjtolofitst tooks forwattL Texas Ibfp. BSol and MeiS.p toI. 2, p, 200- 

pAtAPE, G* E.p and Clatme, 

1040. Tlic nature of Che Golgi appumtiiA. IdontlfliTitton of the Goljrt 
nppnrotua wLtli a complex of mjoliii O^rsa. Journ. MorplLp rpL 
S5. pp. tl-112. 

POijjnrca, A. W.^ and Ills, Bans. 

1947. NneleouroteSn dctemilna tlofi in eytoloiilcal pTt^ratlons. Cold Spring 
HarlK>r Symp, Quant. BioLp voL 12p p. 147. 

PomSr Van R. 

IMEMl. EnzymoH, grow III nod concer^ Springfleld. 

RiSp Hans. 

llMt. The coioposLtlon of daring tnltoais pud melo>pUL Cold 

Spring HnrlTor Symp- Quant. Biol-, vol. 12, p. 15S. 

RiSp Hans^ and MiianX^ A. E. 

194©* TTio Stole of the ctromoaotueft in the Interphase nneieua. Jonro, Gen. 
physioL. rol. S2, p. 4SG. 

RoiiEms, E, D., NowiNaici, W. W.* pud Sak, F&ANcaet^D A. 

IMi, General cytology. Neir York. 

Rotri, W. 

BIOS. I>ie EntwlckluoKamedhnnlk eln nouer Zweig der Mologlscheii Wlaspn- 
Bcbaft. Vortr. und Anfa. fiber Eiitw. Meek OrgPidsniea^ No. 1. 

?iCKM^xn^ W* C.p CMTJinc. A-p ond IlooaMOMp G. H. 

194S, The dlatrlhutlon of eytioelirome c and saoelnoxidaBe activity in rot 
liver frnctions. Jourtx Biol. Chew,, voL 1*2* p. 451. 


342 AKKCTAL REPORT SMITHSONIAN mSTITUTION, 1952 

SHELDOTC^ WiLLlAU IL 

IMO. The varieU^ of imjaan pliysfau^- ¥otL 
SrEUAKNir 

IKtS. EmbryaiLic dfrVDlDpmeiit atid LuducttdiL Yai€ Uulr. 

H., aod Makgolw, IL 

t)ber Iitduletlou van Euibr^ouaLniiliiffaa durch tmplmitatjuQ art- 
frciodi^r OtgouJautoreru AtcK Asut^ voL tOOp pp. 

Snsan^iiAic, B. 

lEMSv BitTereatladon as the controUcd productl-Oa of UDlqae enzyniatic 
pattoma. Symp Soc. Eip, BloL* * toL 2, p. 2 S 61 , 

Stowmx, JEL E, 

19^. Fenlg^a rcafition for thymondOZele? adiL Stain Teclui.^ toL 20« p 
STAzmiUp Geoboel 

isao* The *^Btl Siler" arani. The jonn^at Dormal bnman cmbyro thus far 
hnowa. Contr. EiabryqL.p toL IB* No, DSL Carnegie I oat Wash- 
Lngtun PubL ^03. 

W^niao-ma, C, H, 

I&IS. Tbe geaetlc control of development, Symp, Soc. Eip. Blol.^ voL 2, 

p. 14s;* 

W£IDE?{ItlCBp F* 

iMk Apes. /fi Apca, gLonta and man^ UuSt, Ofafcago Ptcsb^ 


mmm mm -- 

ReprinlB of ihe various articles in this Report may fa* obtained, as long as 
the supply lasts, on request address to the Diviaion of Publications, Smith, 

*oman InslUution, Washington 25,0. C 




Livestock Parasitology in the United States' 


By BEifjAum SchwahTjS 

BiMTtim of An^sl Industry^ Departmmt of Agrioaiiare 
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Altiiouoh til® Act of the Coneresa of the United States establish¬ 
ing die department of Agrienlture become effective in 1862, 21 years 
elapsed before animal-diseoso investigations on a sustained basis were 
undertalEen by tl^e Department. In 1383 a Veterinaiy Division was 
estoblislted in the Deportment of Agriculture;. In tlie next year the 
Congress established the Bureau of Atdm&l Industry in the place 
of the Veterinai^ Division, and Daniel E. Salmon, a capable young 
veterinarian who had made investigations for the Deportment of 
Agriculture and later headed its Veterinary Divimon, became the 
Chief of the new Buieun. The Bureau of Animal Industry, besides 
being given otlicr responsibilities, was char;^ with the duty “to 
provide means for the suppression and eitirpation of contagious 
pleui-opiieumoniu and other contagious diseases among domestic 
animals.*’ 

Even before the Bureau came into emstence, the livestock and meat 
industries of the United SttUes had already developed to such an ex¬ 
tent that they had sizable surpluses for export. Beef and pork, as 
well as live animals, had been expoilad for a number of years to vari¬ 
ous European countries. Unfortunately, several countries had placed 
restrictions against these importations on account of disease which 
might bo conveyed to dieir native stock, or because of human healtli 
hazard in consuming meat from diseased animals. Aside from tlie 
export restrictions, American stockmen faced serious dilBculties from 
the diseases to whicli their stock at home was subject. Among these 
diseases were some of parasitic origin, the nature of which eitlier was 
not understood, or for which effective control measures had not yet 
been developed or put into general use. 
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The disease wliicli was Lhen knowu as murrain, or spleiiio fever, or 
Tesas fevevj caused consternatiori among livestock producers, 

especially in tlte northom Sutes, who saw their aniinals stricken and 
dio when tiiey followed the tmils of apparently healthy cattle that 
had bwn driveu northward from Te^as and elsowheii^ in Ll^e South. 
So great was tJio fear among northern cattle owners of the danger to 
tlieir herds from southern cattle that rigorous action was taken^ some¬ 
times accompanied by threats of violence, to prevent cattle from Tesas 
from being driven over tlie tniib w-hich led to tlie northern markets. 
Another parasitic disease, known as sheep scabies, was ravishing flocks 
on the western ranges. On account of the highly contagious nature 
of tills skin disease, the importation of sheep from tlic United States 
to other countries was barred, and in this country the diseaso was 
spreading as a result of tlie uncontrolled movement of hve^ock. 
Cattle scabies, too, lurked in the background as a disease requiring 
serious uttentiori, if tlie increasing herds were to be maintained on a 
high level of efficiency. The inter rial parasite of the country^a live¬ 
stock w'cre practically unknown at the time the Bureau of Animal 
Industry wi\s established. However, one parasite of swine, Trickiiieli^ 
spiralisj ivas well known in this country, and abroad it was regarded 
as eiceedingly dangerous on account at its polentia] harmful effecte 
on human beings. By 1681 several countries in Europe had already 
placed un embargo on pork from this country, and the Department 
of State inatitided, therefore, on inquiry to ascertain Ihe causes 
tliat might render this moat daiiigerous fo human health. 

Those, then, were the principal known prnblems in parasitology 
in relation to an expanding livestock production that confronted tho 
Bureau of Aninuil Industry in 1S84, when Salmon and his few assist¬ 
ants began “to provide tlie menus for the suppression and extirpa¬ 
tion^ of disease of farm animals. The manner in w^hicli I he Bureau 
fulfilled its responsibilities, the ijivestigationai work that had to bo 
carried out before suppression and extirpation could be undertaken, 
the means adopted to curry out the programs, and the success achieved, 
constitute an important and fascinating chapter in the history of 
livestock hygiene and di^ase prevention. Only those parts of the 
chapter which reklc to parasites and parasitic disiuisc^ can be re¬ 
viewed in the counse of tliis address, and only by a few outstanding 
examples. 

TICK FEVER 

Although it is uncertain when the di^^ now known as tick fever* 
or bovine piroplasmosis, was fim introduced into the American col¬ 
onies, it Is probable that it came in w ith importations of cattle from 
the Spanish West Indies and Mexico, perhaps sometime in tlie seven- 
tee nlh century. By the end of the eighteenth eentuiy the disease was 
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Appai'pntly well enti'enclied in the United StntoS] becauso by 1(95 dio 
State legislature of North Carolina prohibited by law the driving of 
any cuttle from the low coastal areas to the highland parts of that 
State betw'ccn the first day of April and tlie lii'st day of November. 
In 1814 Virginia barred cattle from certain pAits of South Carolina, 
and ill 1836 North Carolina bnmd cattle from South Carolina and 
Gw>vgia, between the dates nforemeutioned. Despite these and simi¬ 
lar restrictions, tick fever continued to spread with the growth of 
the livestock industry and the development of transportation facili¬ 
ties u nd mai'kets. G ra dua lly 11 spread over the entire Sont h, a nd often 
invaded different sections of the North. In 1867 ibo Kansas T.iegisltt- 
ture appealed to Congress to authorize the Deiiartincut of Agi’iciil- 
turu to investigate 'I’exas fever. By 1877 the disease bad canseil 
inuch harm throughout the country and continued to simsid, despite 
tike energetic methods that were being adoptcfl to stem its tide. When 
the ovcrhmd moveuient of cattle proved difficult or illegal, animals 
were moved by boat and liindctl in northern markets, with tlio result 
flint their contact with northern cat tie decimated prize herds that 
were lieing established after the Civil Wnr. 

An invesligntion wag made in 1868, partly at the instigation of 
stockmen and partly under Federal auspices, by Prof. *101111 Gaingce, 
H British expert on animal diseases, assisted by two medical oflicerE of 
the United States Army and otliers. Among the conclusions reached 
were that cattle “become affected in consequence of the nature of the 
soil and vegetation on which they are fed, and the water which they 
drink.” With regard to the popular idea then prevalent that ticks had 
something to do with the disease, Gaingee stated *'thiit there is not tlie 
slightest foundation for the view that ticks disseminate the disease.” 
In another place Gaingce stated, “The tick theory has acquired renown 
during tlie past summer but little tliought should have satisfied any¬ 
one of the absnnlity of the idea.” Salmon, who in 187!» investigated 
tick fever under a commission from the Department of Agiueultiire, 
reported in 1880 as follows t “The tick theory' scareely explains n single 
one of the many peculiar phenotnena of the disease,'^ a conclusion 
which was generally' shared at the time by those best informed on 
animal diseaes- 

Following the organiKation of the Diirenu of Animal Industry in 
1881, and the opening at the same time of an experiment station on the 
outAkirta of Washington. D. C., ns part of that Bureau, an opporturnty 
was afforded to the liandful of young resenrcliere whom Salmon had 
collected, to investigate the most pressing livestock maladies that were 
exiictiiig a severe toll from the resources of farmers and stockmen. 
In 1888 studies on tick fever were already in progress. In that year 
Theobald Smith, the lending investigator of Salmon’s small coterie of 
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scientists, observed the destruction of the rod blood corpuscles of cattle 
sick tvith tick fever. In the followiug: year three important discoveries 
were made in the Bureau of Animnl Industry with reference to ticks 
and tick fever: (1) Smith observed a parasite in the ml blootl cells of 
the affected animals {pi. 1, 1) and, on tlie basis of this discovery^ 

explained the breakdown of the erythrocytes and the various lesions 
he observed while conducting postmortem examinations of cattle that 
had succumbed to the disease. (2) While Smith was carrying out 
these studies, Kilboume, who was in charge of the modest experiment 
station aforementioned, started an experiment which ultimately led 
to the elucidation of the mode of transmission of Texas fever. What 
Kilboume did in 1S80 is contained in the foliOAvjng statement, written 
by Smith as part of his contribution to the Sixth and Seventh Annual 
Reports of tlie Chief of the Bureau of Animal Industry for the years 
188!) and 1890: 

Durlti}^' the atmimer of Dr. !•- KilbaumG la arrangla^ tbG varloua en- 
eloftores at tin? GxiierSineat stHtion for the oxitosurG of native cattle to tbe In- 
fectlca of Tesoil fevor^ cDnceJved the liappj idee of te^lnE; the iiopalBT theory 
of the relatloa of ticks to the dlpcape. Tlita he did hy placing aotitbern (North 
Carolina H cattle with nntlve cattle In the same eaclosores aod jdekJns the tiektt 
from the ftoutheni cattle as saon es they had j^rown large enciagh to he detected 
ca tho akin. This prevented auy tfeka from matarlnx and infecting the poBtorc 
wltli the eggs, and hence prevented any ticks from lafesUng oatlve cattle ^xlbse- 
i|ueatlyi» At the name time La another enrlosiire thi! tJaka were left on the eolith* 
fro cuttle. The natives In the latter held dlf?d of Texas fever; thasc In the former 
did net aUow any signs of the disease. 

(3) Curtieo worked out the Hfo cycle of the fever tick for which ho 
created n uew' genus, naming it Boophilujt, and detormined for the first 
time, in connection with tick life-history studies, that this parasite 
spent entire developmental cycle, beginning with the seed tick, on 
the same host, instead of dropping off the host after each molt. This 
important discovery made it pcHsible to apply certain measures to con¬ 
trol tltese ticks, and paved the way for tick eradication, which finally 
resulted tn the extermination of bovine piroplasmosts from the United 
States. 

Additional investigations, carried out jointly by Smith and Kil- 
Ixiume between IS&O and 189S, established conclusively that neither 
the soil from pastures on which ticky cattle hnd grazed, nor direct 
phyaical contact of healthy with affected animals, was involved in the 
transfer of the djEoase from parasitized to susceptible cattle. More¬ 
over, by placing on susceptible cattle the seed ticks that had hatched 
from the eggs deposited by gravid female ticks, the symptoms and 
lesions of tick fever, as well os the causative microparasites, were 
observed in the animals which became experimentally infected^ 
Finally, it was shown by blood inoculations that the microparasites. 
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named Finfplasjnabiffutmmti, were (Jie causative jigents of (Jie disease, 
and that the tick, BitophUua aJiTiu/o/tw, merely served to transmit them. 

TJie deteimiuution of tlie nature of the causative agent of tick 
fever and its mode of tnuisiuissiun, as well as the demonstration of 
the main facts m tlie life cycle of the arthropod carrier, is certaiidy 
among the outstanding acliiovcmeuts in microbiology. These dis¬ 
coveries, significant as the}' were from a scientiGc stundjjoiiit, did Rot 
by themselves ease the burden on livestock producers in the South, 
whose citLtle could not be shipped bo northern, markets, except for 
slaughter, betw‘ecn the middle of February and the middle of Novem¬ 
ber, in conformity with measures tlmt had been adopted in the mean¬ 
time to confine tick fever to the areas where it was enzootic. All 
the Soiitiicru States, from Virginia to Florida, and extending west¬ 
ward to include Texas and Oklahoma, were In the enzootic area. These 
States, along with California, were sooner or later placed under 
Federal quarantine. Therefore, to meet the practical needs of cattle 
pi-oducei-E, and to afford relief to a largo section of the country which 
waa seriously hampered in tlie development of a well-rounded agri- 
cultuiTil economy, it bccauie necessary to devise means for freeing 
cattle in tlie Soutli and elsewhere of fever ticks. Investigations wm-e 
begun ill 1&92 in which many vetcriufirians outside tlie Bui'eau of 
Animal Industry participated. These investigations were continued 
for several years beyond the initiation, iu lOOd, of a systematic cam¬ 
paign, under joint Federal and State auspices, with tlie objective of 
eradicating cattle fever ticks from the United States. 

During a period of about 15 years various materials wwe tested as 
smears, sprays, and dips for tlie destruction of cattle ticks, in an effort 
to find a chemical that would destroy these arthropods without in¬ 
juring their hosts. Substance after substance, us well as various com¬ 
binations of substances, were tested and discarded, because the ticks 
proved to resist them much better than the cattle. As a desperate 
measure^ cattle were even driven into tile ocean's surf, in the hope 
that the pounding of the vraves would dislodge the ticks. By 1003 
crude petrokum was generally accepted us superior to any other 
tickicide discovered up to that time. Other control measures were 
tried, including active and passive immunization of cattle against 
piroplasmosis; starving the ticks by removing tlie cattle from the 
Iiasturea contaminated with tick eggs and larvae, and keeping the 
pastures vacant for several months; and rotation of cattk on pastures, 
based on the demonstrated facts in the life history of the aithropod 
vector. These and other measures were tried as adjuncts to, or substi¬ 
tutes for, dipping of cattle in medicated baths. 

In loot; eiperiments were initiated witli arBenical dip^ which had 
already been used in Australia and Cuba for tick eradication. Arsenic 
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proved to be superior to any otlier tickieide tliut liad been used up to 
that time in this country. By dipping tick-^infested cattle in arsenjcal 
solutiom every 2 weeksj which was the procedure fiiiBlIy adopted^ 
mo^t of the ticks on tlie cattle were poisoned by the chemical. Ratisom 
detei'inined that the engorged ticks which survived dipping laid fewer 
eggs on the ground than tliose from untreated cattle. Of the larvae 
that iiatciicd from the eggs laid by tJie dipi^ed female ticks, many died 
before they could get onto cattle. The seed ticks which succee^led 
in craw ling onto cattle and living there were destroyed by the next dip¬ 
ping ill areeuie. In short, the cattle w^ere used as the collectors of 
the seed ticks present on the pasture.^ and the arsenical solution wa^ 
used to destroy llieni on tlie cattle. With successive dippings the 
numbers of tick^ found on cattle maintained on tick-infested pastures 
gradually diminished and disappeared altogetJier ufter several months 
of repeated dippings,, at intervals of 2 weeks, throughout the spring, 
Slimmer^ and early fall months, 

I have dwelt at considcruble length on tick fever because it wa& 
the first parasitic disease of livestock on which an all-out attack 
was made in this eountiy, witli a successful outcome, and also be¬ 
cause the stoiy of tick fever in tlie Uni ted States is unparaUcbcl in 
the annals of disease control, human or animal, anywhere in the 
world. With no definite knowledge whatsoever available in the be¬ 
ginning as to the cause, or mode of transmissjon, of the disease, all 
the facts pertaining to its nature and mode of spread—which cer¬ 
tainly was a surprising one at the time it was made—and habits 
and mode of life of its arthropod vector, were brought to light ns 
a result of research carried out in one place, iloreover, the means 
whereby the vector could be destroyed, without unduly injuring the 
host, also were discovered^ This paved the way for cutting the 
lifeline by means of which the piroplasms were carried from the 
blood of one bovine to another. Finally, on the basis of the facts 
o^rtained tlirough loug-sustuiiied experimentation, n death sen- 
tenca was pronounced on the two arthropod carriers of the disease, 
BoopAiZus ^tiTvidaius and B^phZtnA micro and on the sporo^oan 
parasites which they conveyed to their bovine hosts. That tliis sen¬ 
tence was carried out oftermore thaii four decades of strenuous effort, 
and in the faee of strong opposition, is certainly a tribute to the ro¬ 
sea rcU wurkere wbo forged the weapons of tick destruction, and to the 
many who used them. 

Cattle fever ticks and the disease they transmit have been eradi¬ 
cated from the United Stales, except from a long, narrow strip of 
terrLtoiy adjacent to the Rio Grande River, This strip, w-hich is 
about 500 miles long, extends from Devils River near Del Rio, Tei., 
to the Gulf of Mexico, and to an average depth of 4 to 5 miles. As 
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far as can be fareseen now, the cattle in this buffer will remain 
under quarantine until fever ticks are eradicated from Mexico. De¬ 
spite the systematic dipping of cattle in the buffer zone, tlic drifting 
of animals from botlt sides of the river jnaintaitis Uie tick infesta¬ 
tion, accompttuied by occo^onal cases of piroplasmosis* 

SHEEP SCABIES 

At no time did scab or scabies of food-proUuchig aidmak present 
a challenge that was even remotely comparable to that presented 
by the once inyijterioiis malady called Texas fever- In 1884 the 
cause of sheep scab was well known, as was also thci life history of 
the mite, Fsoropt€<s equi vnr* TJie research that brought these 

facts to light was done in the first half of the nineteenth century, 
when it was shown by experiments that scabies in sheep did not 
develop in the absence of mites, and could be produced experimentally 
by transplanting the specific scab mites from aSectetl to healthy 
sheep. It had been esta billed also that the loss^ from this disease 
were severe, and resulted in the shedding of the w'ool, marked 
emaciation, anemia, and exhaustion which finally ended in death of a 
large percentage of untreated animals. 

Before the tum of tlie century sheep in large areas of tlus country 
were affected with scabies, and many stockmen were forced to forsake 
sheep raising on account of the ravages of this disease. In fact, so 
severe ivcre the monetary losses su!^tuincd hy owners of scabby 
flocks, that Salmon and Stiles in 1@9S regarded this disease as second 
only to hog cholera, from the standpoint of the loss of invested 
capital in livestock raising* Tlie largo bands of sheep on the Great 
Plains and in the Bocky Mountain region, as well as sheep in the 
feeding centers farther east, were most severely affected. Moreover, 
diseased sheep from those areas were sent to the large markets of 
the country, thereby spreading scabies almost everywhere* As a 
consequence of the uncontrolled marketing of scabby sheep, the stock- 
yards became contaminated and many animals that were purchased 
there were likely to develop the disease* 

1‘^arious plans were tried to arrest the further spread of scabies and 
to devise means of eradicating iU In 18!)5 a decree was issued, pur¬ 
suant to authority gronteid by the Congress^ prohibiting scabby sheep 
from entering stockyards or any other places where animals arc 
handlefl for interstate tmde, or to enter into inlerstate trade, but no 
apparent progress was made in checking the disease. Subsequent 
orders required cleaning and disinfecting boats, railroad cars, and 
other vehicles w hich had been used for the transportation of scabby 
sheep; prohibited railroads and other trans^xirtation companies, and 
captains of ste^jimboats, from receiving for transportation, or from 
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transpox'tin^ from one State to another, slieep affected witii scabiea; 
and required, moreover, that all sheep shipped from stock jar da to 
oilier States for feeding purposes be dipped in soma preparation that 
would kill die mites. Tliese devices alone did not show sufficient 
promise, however, in acoomplishing the desired results^ Even station¬ 
ing of inspectors at shipping points in w'estern States and at public 
stockj'ards to supervise di[>ping was insufficient to make a significant 
dent in the extent of tho disease, or to sliarply curtHil its dissemination* 
It was not until a Federal quarantine was placed on all the territory 
west of die eastern borders of North Dakota, South Dakota, Kansas, 
Oklahoma, uml Texas—an area covering 1,TCK*,000 square miles— 
that a prombing plan for extirpating sheep scabies from the United 
States actuatlj got under way* 

Under tlie new plan, inspections of sheep for evidence of scabies 
were made systematically on the farm and range* Treatment by dip¬ 
ping, under governmental sui>ervision, in medicated solutions of 
eslnbliidied efficacy waa also required for all flocks that were affected 
witli, or had been exposed to, scabies. This plan, initiated in 1905 
and still in effect today to a limited extent, resulted in tlie eradication 
of scabies from sheep in areas of this country where it was once wide¬ 
spread, and in reducing it elsewhere, 

111 laUfi, Salmon and Stiles, in a publication on sheep scabies, re¬ 
viewed critically the dips then in use, reported their owm experiments 
with dip^ and settled on two, namely, nicotine and lime-sulfur. 
These two dips have been used successfully ever since 1005 in millions 
of dippings. During the past few years the Zoological Division of 
the Bureau of Animal Indu^ry developed a dip that^ in many ways, 
is superior to, and much smipler to use than^ the two Umt received 
official sanction. The active ingredient of the new dip is one of the 
chlorinated hydrocarbon insecticides^ heiachlorocyclohexane, gen¬ 
erally referred to os benzene hexachloride, or BMC for short. Tliis 
{rhexnical has been standardized for scabies emdication, on the basis 
of its gamma isomer content, to provide o margin of safety that should 
meet most of the likely contingencies that are apt to arise. The new 
treatment is rapidly gaining the approval of slicep producers nnd 
livestock sanitary ofCcials. Tlirough its use, the relatively small 
residue of what was once the most debilitating disease of ovine stock 
con be eradicated, I believe^ in much less time than with tho old 
treatments. 

TRlCiltNAE m SWINE 

When Josepli Leidy reported in 1846 to the Academy of Natural 
Sciences of Philadelphia the occurrence of trichinae in the superficial 
part of tlie extensor muscle of a hog, he inadvertently took the first 
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step Uist resulted in placitig n stigma on pork produced in this coun¬ 
try—a stigma which has persisted for many decades. By 1881 restric¬ 
tive measures against the importation of pork from the United States 
were promulgated by various governments of continental Europe— 
Italy, Austria, Germany, and Franco following one another in rapid 
succession. In the year before this prohibition went into effect, TO 
million pounds of pork from the United States bad been exported to 
France, and 43 million pounds to Germany. For the nest 10 years 
pork from the United States was shut out by goveminenlal decree 
from nearly every market on the Continent of Europe. To regain 
this export trade, tliere was inaugurated in 1892 a system of micro¬ 
scopic inspection of all pork intejidod for export. This inspection, 
which was terminated in 1906, was carried out only to meet the 
requirements of the import countries, some of which required a similar 
inspection under their own meat hygiene practices. Under current 
Federal meat inspection there is no provision for microscopic inspec¬ 
tion of pork intended for any purpose whatsoever. The abandonment 
of microscopic inspection of pork for export resulted from reports, 
especially from Gennany, that trichinae were found from time to time 
in pork that had been imported from the United States and certified 
as free of tliese parasites. This was not surprising, considering the 
fact that it was well known in countries that had bad experience with 
this scheme of prophylaxis that the detection of trichinae by micro¬ 
scopic inspection ia, at best, a liil-or-miss method, llie parasites 
were not discovered, as a rule, in lightly infesteii carcasses and were 
overlooked at times even in those that harbored sizable infections. 

Studies made in thia country before 1891 showed that only about 2 
percent of the hogs ivere infected with trichinae. The routine micro¬ 
scopic inspections of pork (pi. 1, fig, 2), that were made over a jwriod 
of years Uiereafter showed that in over 8,000,000 hogs from w'hich 
muscle tissue was examined microscopically, live trichinae were found 
in only about l.ft iieroent. Studies made a decade or so ago by tlie Bu¬ 
reau of Animal Industry by the far more accurate digestion technique 
(pi. 1, fig. 3), also showed an over-all infection rate of about 1.5 per¬ 
cent. "V^en critically analyzed, however, the newr figures actually 
showed that in the intervening yeai-s there occurred a sharp reduction 
in the prevalence of trichinae in swine, especially in those raised on the 
farm. In one serie.s of eiamination.s involving both microscopic in¬ 
spection and digestion, it was found that in only 21 percent of the dia¬ 
phragms in which trichinae were discovered by the digestion techniquB 
could tlicse i>arasites be demonstrated by microscopic inspection. Dur- 
ing tho past 2 years, trichinae in very small numbers were found in our 
la^ratory by the digestion technique in about 1 percent of about 1,200 
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diapliroigms from Com Belt Hogs,* but only negative results vere 
obtained when samples from the same diaphragms were examined 
niicFDscopjcally with painstaking care. Therefore, the percent 
trleliinous hogs discovered bj nucroscopic inspection several decades 
ago undoubtedly represented only part of the infected carcasses that 
were then piesent in this country. 

IJnlihe the findings in farm-raised hogs, in which the extent and 
degree of infection with trichinae arc apparently on the downgrade, 
tJioso in gorbage-fed hogs which, fortunately, constitute only a very 
small percentage of tiie total hog slaughter in this country, continue 
to show a high incidence and a comparatively high degree of infection. 
Recent studies in our luboratories sliowed that over 10 percent of 
garbage-fed hogs from the eastern seaboard still harbored trichinae, 
and Biut tlie degiee of infection was so liigh that about half of the 
infected samples were detected by careful microscopiu inspection 
alone. 

Under Federal meat ins^Kction, parasites and Bte lesions they pro¬ 
duce in edible portions of carcasses must he remo\^ by trimming be¬ 
fore the carcasses or affected parts are jmssed for human food. If the 
infection or ni^iociated lesions are so extensive, however, that trim¬ 
ming would bo im{>03Sible or impractical, the carcass or part is con¬ 
demned. Since trichinous pork does not differ in appearance from 
noniiifected pork, it follows tlmt trichinous hogs may be passed for 
human food, under Federal and other meat inspection, almost every 
day. Fortunately, however, raw pork, as such, is seldom eaten in this 
country iiitentioniilly, and then only by persons having a capricious 
appetite, or who have become addicted to this habit because of national 
origin or association witli homes where tills unhygienic dietary custom 
prevails. CtHikeil trichinous pork presents no danger whatsoever, a 
fact of which Leidy was well aware when he explained to the Phila¬ 
delphia Academy of Natural Sciences in lS6a the circumstances under 
which he first discovered trichinae in pork 20 years earlier. Actually, 
ha found these parasites in a slice of cooked ]>ork he was eating, and 
stated that he had already satisfied himself that such meat was safe, 
because parasites generally were destroyed by thorough cooking. 

Tlie Bureau of Aiiiimil Industry has repeatedly informed the pub¬ 
lic that raw or inadequately cooked or cured pork is dangerous. In 
tile absence of any known system of inspection whereby trichinoim 
l«>rfc csould bo tagged and eliminated from tlie channels of trade, the 
problem has been met in the only other way that is possible and practi¬ 
cal. Through its meat insi»ction service, the Bureau of Animal In- 
diistry rigidly enforces a requirement tliat no ready-to-eat article of 


bj EitfF«»plc <.«r 

i][ni|ilhnigtiH wtE fouxid to be |>¥rreiit. 



Ln'ESTOCit PABASITOLOQY—SCKWAHTZ 


353 


food shall contain any muscle tissue of pork, unless tliat meat has been 
refrigerated, orhcat^, or otherwise treated, in a manner that will in¬ 
sure the destruction of trichinae. The background for these requii^e- 
menta lies in extensive investigational work carried out by Kansom 
and his associates and by otliers in the Bureau of Animal Industry. 
In 1&13 Eniisom determined, following exhaustive tests, that certain 
low temperutures, compatible with the practical requirements of the 
meat industry, destroyed tJie vitality of trichinae. Later investiga¬ 
tions established the fact that the heating of pork to a temperature 
of not less than SS"* C., as well ns certain curing procedures also de¬ 
stroyed these nematode larvae. These findings, translated into action 
by Federal meat inspection, have given to tlie American people for 
Bovcrnl decades a protection frem pork-containing products that 
otherwise would have been the most fertile sources of trichinosis. 

EARLY IMVESTIG.ATtONS OF INTERNAL PARASITES 

Aside from trichinae and a fevr other hclmintlia of livestock, little 
was known at the time the Bureau of Animal Industry w'as established 
about the kinds of parasitic worms that occurred in our domestic ani¬ 
mals, and even less was known about verminous diseases. Curtice, 
Stiles, Ward, and a few others contributed much that helped to lay 
a foundation upon which those who followed built a six able structure 
of knowledge of tlie helminths and the diseases they cause in food-pro¬ 
ducing animals. In this address only tlie early work on the helminth 
parasites of livestock will be mentioned. 

EveJi while sheep scabies was receiving preferred attention, it wag 
recognized that the internal parasites of ovines could not be ignored. 
Stomach worms already had a reputation as being injurious parasites 
of sheep, and it was assumed, moreover, that there might be others 
that had the capacity of doing serious harm. It is not surprising, 
therefore, that Curtice, who began his studies in the Bureau of Ani¬ 
mal Industry in 1886, should have embarked on a study of the para¬ 
sites of sheep. That study resulted in the publication of a treatiBs 
on the subject, which contained much tliat was new and significant. 
Perhaps the outstanding contribution made by Curtice, while engaged 
in this study, was the discovery of the cause of nodular disease which, 
because of the resemblance of its lesions to those produced by the 
tubercle bacillus, had been considered as intestinal tuberculosis and 
studied, therefore, from a bacteriological standpoint. Curtice de¬ 
termined, however, that the nodules were caused fay nematode larvae, 
which he recognized to be the developmental stages of mature worms 
localized in the large intestine, and named by him Oesifpfujijmtom'tini 
col^ir^ianum. 
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Stilest who followed Curtice as the parasitologist of the Bureau of 
Animal Industry, brought to bear on his investigations a wide knowl¬ 
edge of zoology and parasitology, together with a strong beat toward 
preparing cotuprdienaiva Judies and reviews of the morphology, 
classification, and taJconomy of parasites of all sorts, including ar¬ 
thropods. Independently and m collaboration with Hassall, he con- 
tributetl estensively to our knowledge of the cestodes of rnniinantis 
and of related ta|icworms of rabbits and hares, parasites of importance 
in the inspection of meat^ nematode parasites of ruminants^ and re¬ 
lated problems in parasitology. Stiles also was one of the earliest 
workers to investigate venninou^ disease of ruminants, which he 
found to be associated principally with gtomacb worms and, to a lesser 
e:sterit, with other lielminths* 

Eansom, who succeeded Stiles in lOOS, resumed the studies of rumi¬ 
nant parasites begun by Curtice 15 years earlier, limiting his inves- 
Ligations to the nematodes, but extending them to induda the 
roundworms of all the domestic niminants. With the painstaking 
precision which cliamctcriated his gcientific work, Ransom showed 
that the tiemokKlc fauna of ruminants in this conntiy was richer than 
his predecessors had recognized or sugpccted. He established, moro^ 
over, sound and concise morpliological criteria for the identification 
of the genera and species involved- In his classic study of the life 
history of the jd:oma€h worm, llmtn^mcAvs conferand of other 
nematodes of ruminants, he determined tliat there was a pattern of 
larval development and behavior, which has sitico been found to fit, 
in a general wny, the strongylid nemBtodes of herbivorous animals as 
a whole. Ransom's investigations of ruminant parasites were brought 
together in a monograph on the nematodes parasitic in the alimeritiiry 
tract of cattle, sheep, and other ruminants. Though this study was 
published in 1911, it is still a useful ond pri^d possession of livestock 
parasitologists die world over, and in demand even today. 

INVESTIGATIONS OF ANTHELMINTICS 

Some years ago a pharmacological in one of our leading medical 
schools called attention to the fact that most of the anthelmintics then 
known were derived from plants He even speculated that this might 
indicate a fiindamental antagonism between animals and plants, the 
one group Ireing capable of producing substances that are more or 
less injurious to the other. Tliat most of the older anthelmmtics were 
of plant origin is evident from the mere enumeration of such sub¬ 
stances as turpentine, areca nut, thymol, kainala, chenopodium, male 
fern, and santonin, among others. 

In 1018 Hall and Foster published the results of an experiment in- 
volving most of the then known veterinary anthelmintics, and con- 
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eluded tlmt numy, ^Lkh by tradition had been regarded as highly 
efficacious, were actually witliout meriL They discarded, one after 
another, niost of the older vennifugea they mvestigiited, aud gave 
a nod of approval to only u few, namely, copper sulfate, oil of cheno- 
podium, oleoresiu of male fern, turpentine, and nicotine. Shortly 
after the publication of these results, Hall introduced into the arma¬ 
mentarium of antheimintics two synthetic substances, both chlorinated 
hydrocarbons, namely, carbon tetrachloride and tetrachlorethylcne. 
Though tliese compounds were found to have some application in the 
treatment of livestock for tlie removal of lieluiinths, their chief value 
lay in their efficacy for the i^oval of hookworms from man and carni¬ 
vores. Several related synthetic compounds, notably normal butyl 
chloride, normal butylidena chloride, and hexachloroethaiie, also werQ 
found to be of value in medicating parasitized livestock. 

Aside from carbou tetrachloride and hesachloroctUune, which are 
still used in treating domestic ruminants for the removal of liver 
11 uk^ the chlorinated hydrocarbon anthelmintics, as well us most 
of the other untiieliuintics used earlier, have been replaced to a great 
extent by more effective drugs. This is due principally to a discovery 
made in the Bureau of Animal Industry in coucernuig the antlieh 

mintic efficacy of thiodiphenylamine, or phcuotliiazine. This sub¬ 
stance was ^ntliesized in 16ti5, but Jay dormant for many decades 
before anyone thought of using it for therapeutic purposes. First 
brought into experimental use as an insecticide and later as a urinary 
antiseptic, it wos found to be of great value in treating horses, cattle, 
sheep, goats, sw'ine, and poultry for the removal of certain ncinalodes. 
Though launched as an antlieliiiiiitic only two years before we became 
involved in World War II, 3 million pounds of pheuotbiaiiiue w ere 
manufactured in the United States for autheluiintic use in 1944, to 
protect our livestock, especially sheep, from the depredotions of 
roundworm parasites. Today, wdien our livestock moat again be 
carefully safeguarded as u defense measure, the annual production of 
phenotliiazine in this coimtry is about o million pounds, and would 
greatly that bgure if present-day shortages did not limit the 

volume of production. A number of foreign countries, especially 
tliose with large sheep populations, have been making strong appeals 
to tbis Govermnent for allotments of phenothiazine or the parent 
substance, diphenyJamine, adequate to protect their sheep and other 

livestock from parasites in times of emergency. 

Because antliebniiitics are more or less speciBo in their action, in¬ 
vestigators working in this field ore faced with the responsibility of 
discovering more effective drugs than are now available for tlie 
treatment of specific verminous diseases. Beccntly, sotlium lluorldo 
came into use os a treatment for the removal of ascarids from swine 
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aod has ahuo^t displaced aU otlter treatmente previously used for 
this purpose. Lead arsenate is rapidly displacing older treatments 
for the removal of tapeworms from ruminants. The recent discoveries 
uf anthelmintic drugs also have opened up opportunities to poi'esitr 
ologisls for careers with commercial firms that ntanufacture or formu¬ 
late anthelmintic and other parasiticidal chemicals. 

DISCUSSION 

It is evident from the discussion of even a few of the problems with 
w'hich the livestock parasitologist in the United States has been dealing 
that the research findings and action programs baseil on them have 
been directed mainly to the conservation and increase of food and 
liber, tieeded by a population that has been steadily increasing. How¬ 
ever, it is evident also that the production of livestock cannot be 
increased indefinitely, because our available grasslands and our capac¬ 
ity to grow livestock feed are limited to a large estent by our geo¬ 
graphic boundaries. Since extending our geographical frontiers is 
certainly not part of our national pulley or ambition, our increased 
food production in the future will require, among other things, 
pushing steadily to tlie new frontiers that are opened up by scientific 
discovery. 

How soon we shall reach a saturation jioint in our ability to support 
the increasing nunibers of livestock that will be needed in keeping 
with the growth of our population, and how extensive this increase 
will have to be, cannot now be predicted. It ^lould be borne in mind, 
however, that gi'eat progress is already being made in developing ge¬ 
netically au])erior strains of food-[)roducing animab and in discovering 
superior methods of preventing virus, bacterial, parasitic, nutritional, 
and other diseases of anitnals, as ivcll as suppressing their insect pests. 

Whetlier we shall be able to support indefinitely an increasing i;opu- 
hition is a question that has already aroused considerable dlscu^ion. 
The neo-klulthusinns, who take the pessimistic view, foresee dire con¬ 
sequences in increasing populations, especially in oountries that are 
already overcrowded. They regard the introduction of new* and im¬ 
proved public health measures into the so-called backward countries 
as merely hastening there the approach of mass starvation. Also, 
they charge that tlie introduction of life-prolonging measures merely 
aggravates the food problem in those parts of the world that already 
have teeming populations, now living on a low nutritional plane, if 
not actually facing famine. In fact, tlley ask bluntly what is accom¬ 
plished by saving millions of people from malaria and other diseases 
in the world’s most congest^ areas, if this will merely result in 
giving them added time to suffer from malnutrition and finally die 
of starvation. 
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These aire, indeed, difficult questions to ansvfer today, in a world 
that is already beset by more perplexities than it can find time to re¬ 
solve. The livestock parasitologist adds little or nothing to the 
worlds perplexities, however, but like other agricultural scientists, 
offers much that can help to resolve them • The livestock parasitologist 
is a conservationist, being essentially concerned with maintaining and 
increasing the supply of human food which, in the final analysis, is the 
greatest of our natural resources. 
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Botanizing with the Okinawans 


By Egbert H, Waucer 

/7fp(Er/jn«n| of Botany, S* Natiorud Miu^ujn 


(With lit platefll 

Okinawa I^laLiul finst be<;aine a real place in the minda of the people 
of the United States in April 1945, when our Armed Forces made there 
the last si^ificant island invasion of World War II. With that in¬ 
vasion the Unitad Stat® Govamnient assumed responsibility for 
another nati^^e population* It was my good fortune to spend over 
tlirco months in the summer of 1951 botanizing in the Eyuk^'u Islands ^ 
southwest of Japen^ of which chain Okinawa is tlie largest and most 
important island * lly mission wjus to aid the United States Civil 
Administration in solving some of its economic problems through 
botanical investigation. 

The war left these islands in an impoverisbed condition. They 
had been governed by Japanese officials, though tlio iseople of the 
Fyukyna are not strictly Japanese. With the departure or subsequent 
removal of the former officials, the Ryukyunns were loft with inex¬ 
perienced leadez^. A third of Okinawa Island, the most important 
part, was devastated by the violent battles of the ivar^ Sugar re¬ 
fineries were gaunt spectres, shipping facilities were wiped out, and 
even the markets for the possible exports from these islands were 
gone. Postwar rehabil i tation of Ryukyuans, especially of Old naw ans, 
from the Pacific Islands, South America, and elsewhere increased 
the population of the islands from about 8B9,0(K) in 1940 to over 
940,000 in 1952, too many for the land to support as it was tJien being 
farmed; and the requirements of an occupying force, still engaged in 
extensive military operations, even today scriotisly hamper recovery. 

It is the task of the United States Civil Administration of the 
Ryukyus, a part of tlie United States Army, to make these islands 

»Th^ c&nfiatlnjf mnlllrllcUT ot ot tieir Iplandi k dna to Ui# (rtnillter*- 

tJiapt cf Iht orIgiDKl JftfADW ■ail CtloHifr Baraw br prtplrt of inanj wrAtern lu Wfll ■■ 
MAtma conatrit*- Amooff the tsiiMlpal TirlABli Lew CTlitW, l>wthpw. LtenchlElii, 

Lin Caiu, JJB Ch'lfl, tJnehln^ UuklO, tJa-EiB^ Chwt, LcKhCfaoO, LoacbOO, Laatna, 

RIU^KIu. RId KIBh Rlfiklu. Rjrak;i3. aad The leit tw& ere 

bj the Board on ONpiphle NtticnfA, U- S- DTPeliBient of tbe InteriOF. 

329 


23Gfl3^_53- 






360 ANNUAL SCPOaT SMITHSONIAN INSTPILTION, 1852 

moro self-sufficient. Tlicee in charge hftve undertaken a now and 
difficult Job, but they are attacking t!ie problems in a realistic manner 
end at their roots. In order to bring about this urgent recovery, the 
adniitiisiralors reoognice that they must have e^ract scientiHc informa¬ 
tion on which to base their decisions and programs. S ucb information 
is all too scanty. As far as bomny is concerned, although the area has 
been an Integral part of the Japanese Empire ance 187X, Japanese 
scientists in 1941 still considered it the dark region of Japanese 
botany, Naturally westerners knew little of the area, although 
English, Dutch, French, German, and American naturalists had oc¬ 
casionally collected plants there since about ISOO. The last western 
botanist permitted to visit the region was E. IT. Wilson, of the Arnold 
Arboretum of Harvard University, who w'as there in 191T Of 

course, the Japanese botanists have studied the area to some extent 
but have not as yet produced the comprehensivo treatment of the flora 
that is needed. There is, however, one work that partly supplies 
this need and is important to this story of botanizing in the Ryukyus 
in 1051. It is ft Flora of Okinawa written by three local botanists 
and now mimeographed in Nahs, Okinawa, by the United States 
Civil Administration (£). 

PREPARATION OF A FLORA OF OKTNATH'A 

Many of the men of the United States occupation forces in the Ryu¬ 
kyus after the war ceased in 1915 were natural-history minded. They 
were, however, frustrated in their attempts to satisfy their curiosity 
about the plants of their environment by the lack of tiny adequate 
books to guide them. They nreded a Flora of Okinawa, and, as with 
other determined people, they soon found a solution. !n Sakuya 
Sonohara, ardent Okinawan botanist and teacher of agriculture and 
forestry, tliey found a man capable and willing to write sucli a Flora 
(pi. I, upper, right). Acting on the suggestion of tliesc botanically 
interested American servicemen of the occupation forces, Lieutenant 
Qimmandcr Hanna, director of the Education Department, American 
Naval iliUtfiry Government in Okina\va, and Atsuo Yamashiro, di¬ 
rector of the Education Department, Okinawan Civilian Administra¬ 
tion, asked Mr. Sonohara to pretiaro tliis work. But Sonohara, near¬ 
ing fiO years of age, soon became ill of malaria, and his younger friend, 
fellow teacher, and botanical a-<isociate, Shinjun Tawada (pi. 1, lower), 
discovered his plight and his wortliy task and, fearing the death of his 
teacher before its completion, joined eagerly in the work. Mere, it 
seemed, was the opportunity they had long sought to write a Flora 
ofOkinawft. But the obstacles were great. 


* S« «i cDd of l«At. 
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Svcry publisLed scieDtific flora-or enumeratioQ of tbo plants of an 
area should bo based on a collection of plant specimGns. Those docu- 
luent and support tlio publication and are refcrml to when questions 
arise concerning the ralidit}' of tho published record. These Okina¬ 
wan ftutliors had been studying the plants of Okmawa and the other 
Ryukyu islands for many year's and had collected numerous specimens. 
Although they had never had an opportunity for academic botanical 
training, they knew their plants well- Tliey had corresponded with 
Japanese botanists and guided them when tliey came to Okinawa to 
coUect, even as tliey guided me in 195 and Imd learned much from 
them. For over 25 3 ‘ears Sonohai'ft had been building up a heibaritim 
on which he hoped to base his projected Flora of Okinawa. But, like 
many other Okinawan treasures, it was a war casualty, burned during 
the invasion in ld-15. He had sent spec-iniens to Japan for study by 
specialists and for deposit in Japanese herbaria, but tliese were un¬ 
available for reference in this task of writing a flora in 1945-^6. Thus, 
except for their memories and a few fiir-from-adcquate Japanese 
botanical books which tliej' had bean able to save, tliey had nothing to 
work with, a situation that would have stopped less determined and 
ardent botanists. Tjiey even lacked paper on which to write, but 
Tawada’s friend, the Shuri city postmaster, fortunately had a usable 
supply and girl assistants to rule it by hand as needed, llius they 
persevered, and in spite of these handicaps, Anally, after several 
months, prepared in English, a language foreign to them, a systematic 
enumeration of over 2,500 species of Okinawan plants. It gave tlieir 
scientific, Japanese, and Okinawan namra in Romanji, with notes on 
their distribution, habitats, and uses. Spaoe was left for someone else 
to insert the English names of tliose few, mostly introductions, that 
had such designations. To them this work was the fulliUtnent of a 
dream, and naturally the)' hoped it would be publislicd. Then, be¬ 
hold, Sonohara's malaria left liim; and the manuscript was turned over 
to the Americans, who received it with eagerness and gratitude. 

In spite of its lack of documentation and its recogiiuied short¬ 
comings, this manuscript supplied a need. Witli it the servicemen 
could find names for their collections, at least tentative ones that 
could be verified later by more critical study elsewhere. Previously 
there was nothing; now there w-os at least a guide. It was, however, 
only one manuscript for the use of many scattered naturalists, and 
its duplication was clearly needed. Accordingly, Dr, Arthur Galston, 
then agricultural officer with the occupying foices and now associate 
professor of biology in the (.California Institute of Technology, brought 
the niatiuscript with him w hen lie returned to tlie States and sought 
its jiublication. 

Because of my desire to promote botanical collecting, especially 
by Our servicemen in all parts of the world, so as to enlarge the col- 
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Jections in the DditeU SUites National Herbarium under the Smith¬ 
sonian Institution, I assumed the task of preparing the manuscript 
for duplication. Its lack of documentation by specimens studied 
by the authors wus recognized, but, if duplicated, it could be a useful 
aid in building n new refei'euce herbarium. This Flore, lacked refer¬ 
ences to Ecieiitific publications, but these 1 could supply. Documenta¬ 
tion by specimens, however, was imposible, since the National Her¬ 
barium and other American herbaria contain a mere sprinkling of 
specimens from the Kyukyus and since access to Japanese herbaria was 
iiniKisslble. The Flora of Okinawa was, Uierefore, far from scientifi¬ 
cally acceptable. During this work 1 was in correspondence with tlie 
two original authors and with the third author, Tetsuwo Amano (pi. 1, 
upper, left), another ardent Okinawan botanist, who, on his repatri¬ 
ation after the war from duties as a forester wuLh the Japanese in 
Manchuria, supplied many additions to Sonohara's and Tawada^s list. 

SOEMTIFIC INVESliGATION IN THE RYUKYU ISLANDS 

At this point the United States Civil Administration of tlie Ryu- 
kyus, called USCAR for short, tlie successor to the naval government 
curlier in charge, found in the Pacific Science Board of the National 
Research Council—National Academy of Sciences in Washington 
an niis^ver to its need for scieiitific information on whidi to base its 
programs for bringing about greater economic independence and self- 
Eulliciency in these islands. It made a contract with the National 
Academy of Sciences which enabled the Pacific Science Board to 
conduct two joint prograins with the Civil Administration for “Scien¬ 
tific Investigation of the Ryukyu Islands,*' characteristically designat¬ 
ed tlio SIRI program. One part of tliig program called for a botani¬ 
cal survey of the Ryukyu Islands, 

Learning of my special interest in the botany of the Byukyus, the 
Pacific Science Board asked me to undertake tliis mission. The United 
States Natioiml Museum, Smithsonian Institution, generously re¬ 
leased mo for four montlis from oUier duties. This seemed to me 
an almost God-given opportunity to collect documented scientific 
plant specimens that would constitute a foundation for the Flora of 
Okinawa by Sonohara, Tawada, and Amano. Furthermore, the work 
would begin to supply the Army's need for basic botanicoJ! informa¬ 
tion on the area. It was stipulated in the objectives of the trip that 
I would give aid to agricultural, forestry, and other economic projects 
then under way. As tliese objectives developed, there was added 
that of helping to establish a herburium at the recently created Uni¬ 
versity of the Rynkyus {pi. 2, upper). Tlio core of this herbarium 
would be a selected set of the specimens from tliose collected under the 
.SlRl program after they were properly identified. 
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I wish here to express my fippreclation to the Pacific Science Board 
and the Smithsonian Institution for providing all tJie anpplies and 
equipment needed for tliis work and for the thorough preparations 
for the trip. 1 am likewise deeply indebted to the United States 
Army for its generous support and ablo guidance, especially to Brig. 
Gen. James M. Lewis, in cliarge of the United States Civil Admin¬ 
istration in tlie Kyukyus, and to Richard M. Varney, of the Porestiy 
Section, Food and Rntural Resources Department, USCAR in Naha, 
Okinawa, Many other civilians, both American and Okinawan, ren¬ 
dered valuable assistance, without winch die objectives of the mis¬ 
sion could not have been attained, and to them I am deeply grateful, 

BOTANIZING LN OKINAWA 

After 23 years of herbarium work, largely on the eastern Asiatic 
collection in the Smithsonian Institution, it was indeed a great satis¬ 
faction to receive this nssigrtment to collect specimens in the field 
and to see die live plants previously known only by their dried repre¬ 
sentatives. Traveling on Army orders, I left Washington by air on 
May 31,1951. En rout^ I visited Japanese botanists and institutions 
in order to enlist their cooperation in identifying die specimens to be 
collected. About 6 hours after taking off from Tokyo on June 12, the 
Army transport plane, on which I was die only civilian passenger, 
opened its door at the Xaha airport, and I stepped forth into the soft, 
humid, midnight breeze of Okinawa, 

Before going further with tliis story it will be well to gain an 
understanding of the geogmphy, climate, and other pertinent fea¬ 
tures of the Ryukyu Islands, The map (fig. 1) shows them as a 
7T5-mile-long necklace draped between the island of Kyushu, the 
southern and most subtropical of die main area of Japan, and the 
northeastern tip of Formosa or Taiwan, with Okinawa Shima, or 
Okinawa Island, in about the center. This archipelago is obviously 
a drowned mountain chain with the higher parts still protruding 
above the sea. In latitude Okinawa lies as far north as Miami, Fla, 
West and north lie China and Korea within easy bomber and jet- 
fighter distance across the shallow East China Sea. On the east and 
south the floor of the Pacific Ocean drops off steeply from the narrow 
Ryukyu dielf to one of its deepest trenches. 

Geologically the Ryukyu Archipelago is composed of three rather 
distinct sns. The central arc consists of Puleozoic and igneous rocks 
and contains the larger islands, including, from north to south, Y.nku 
Shima, AmanH-Oshima,Tokuno Shima, the northern part of O^nawa 
Shima, Ishigaki Shima, and Iriomote Shima. The outer or eastern 
arc consists of Tertiary and young rocks and includes Tanega Shima, 
Kikai Shima, the southern and eastern part of Okinawa Shima, 
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Ihliyako Shima, ami Hateruma Sliitna. The western or inner arc 
consists of the islands of volcanic origin, including those of the 
Tokaru Gunto or Arclupelago, Tori Shima, Agtini Shima, and 
Kume Sliima, On some of the northern islands of this arc there 
are still active volcanic vents. 



Fjcoke 1.—nit Ryukyu !fUud* group. 


The principal geographic features of the chain are shown on 
the map. PoLiticalij the Osumi Gunto or Archipelago north of tlie 
deepest transverse channel, the Tokara Cliannel, and the Tokara 
Gunto south of this channel are parts of Japan. The remaining gun^ 
tos, or island groups, are now governed by the central jT i d ypptid^pt 
J&y^yu-seifu or government established in Kaha, tlie capllal, on 
Okinawa Island. This operates under the guidance of the United 
Sutes Civil AdoiiiustratioD with headquarters also in Naha. This 
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receDtly established Ryukyii-seifii replace the governments of the 
four units into which the liyukyus were divided after the war and 
operates directly through the local town or island governments, 
Thei*e are still Unite*! States branch administrative oflicew esbiblished 
on Amuini-Oshima, Jliyabo, and Ishigaki Islands^ 

Okinawa Idmid is 05 miles long and 2 to 8 miles wide, with pro- 
truding peninsulas and intrusive bays here and there. Its postwar 
population ig about 580,000. Its three unties,” Kunigami-gun, 
Nakaganii-gun, and ShinnijiH-guiw are units commonly referred to, 
being the domains of tlie inde|>ondcnt kings of historic earlier tiaies. 
From the narrow neck southward one traverses the rolling hills and 
plains, with evidences of the war^s destructivene^ on every hand 
(pi. 2, lower, and pL 3, upi>er). The rocks and soils here are of geo¬ 
logically recent origin, gravels, clays, and limestone, the last often ex¬ 
posed in strikingly" rugged ravine sides and knobs protrud¬ 

ing shuri>ly above the level land, these pittc*] and penetrated by 
caves. This limestone is the coral so often referred to in describing 
the war terrain, tJiougU true coral exists mainly in the reefs which 
abundantly line the islaiurs shores. Because of its itigged ter¬ 
rain tliis southern portion is largely under cultivation, or at least 
huniun control, and is dotted with villages, towns, and citie^^, the 
largest, Naha, the capital, >vitli 44JOO [xipulation, and Shuri with 
20,014 (December 1050). As one goes north from the narrow neck 
of the island he leaves the depressing war xene, and bss spirits rise 
with the increasing height and rugged ness of the hills and the 
abundance of vegetation (pL lower). Here steap, forested moun- 
taina occupy most of the land, rising in peaks to over 1,600 feet, ac¬ 
cessible only by trails from the coastal road on the west and the 
lesser one on the east. Agriculture is confined to the river mouths, 
coastal strips, and lower foothills (pi. 4). Xago, with 14,842 postw ar 
population, is a relatively trim place with hardly u war trace. Geolog¬ 
ically the mowntaiiia me of mere atident limestone and sandstone, 
wdth a few igneous intrusions. 

The climate of the Ryukyu chain is oceanic, alUiough dominated in 
part, by the monsoon winds blowing toward the great Asiatic continent 
in summer and from it in winter. The summer teini>E:ratiins ■ are 
raised above the level one would normally expect at this latitude 
tlirough the influence of the Japanese or ^kurosldo^ (=black) cur¬ 
rent flowing up from the hot China Sea. The theruiometer, 

liovi'cver, seldom reaches into tlie and 66^ F. is the highest tern- 
penitnre on record. The discomfort of this climate is duo to the com¬ 
bi nation of monotonous and relatively high temperatures, high hu¬ 
midity, and hriglit sun. Tlie average annual temjTerature for Naha 
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on Okinawa is 72* F., but the mean daily maximum for the hottest 
month, July, is 80®, the average for the summer being 81*. Tlie cold¬ 
est ever lecordcil is 41®, and the winter average is about 62°. In sum¬ 
mer the average humidity runs from 76 to 80 percent, and in winter 
tlie mean minimum is about 76 percent. At Naha the mean annual 
rainfall is nearly 83 inches, with the average lowest in December 
of about 4.6 inches and the average highest in June of about 10 inches. 
More tlian half tlie days of each month are classed as rainy. Tlie 
most significant factor alleviating tliSs gloomy picture of high heat, 
humidity, and rainfall is the sea breeze and drying sun. Ona can 
slosii ill mud while blinded by dust. A major factor in the climate is 
the periodic typhoons, which in summer and early in fall all too fre¬ 
quently roar up from soutliem regions and sweep along this ciiain. 
On some island only one crop of rice a year is planted because a 
second one is too Ukely to be ruined by a typhoon. The raging winds 
not only a fleet the life of the people but are, undoubtedly, one of the 
major factors in the natural selection of the dors. 

So on June 161 was established as a civilian botanist under the guid¬ 
ance of the United States Army, which furnished housing, trans¬ 
portation, supplies (other than what 1 brought), regulations and MP's 
to guide my conduct and to guard my healUi, medical attention, and, 
indirectly, assistants, all of these items being classed by the Army as 
“logistic supi>ortJ* The Forestry Section of the Food and Natural Re¬ 
sources Depju-tinetit of the United States Civil Adminlstratioji, with 
headquarters in Naha, supervised and provided liaison for my opera¬ 
tions. Housing was found in a quonset-lvut area in Nulia, provided for 
cerlain Army officers und civilians mostly concerned with operation of 
the busy port, and food w'a.s available in Its officers^ mess. 

The separation of w'cstcrn and native life in an occupied area was 
glaringly evident, and intermingling with the Okinawan peoples and 
their life was by no means easy, the lunguage difllculty being para¬ 
mount. It W'ss some days before I was able to meet the Okinawan 
botanists, the authors of tlie Flora, whom I found to be most agreeable 
oompuniohs and associates both on botanizing trips and in indoor as^ 
socinted laliors. In the course of my work I met many other Ok¬ 
inawans, hut these three were my special associates. Mr. Tawada 
bad just been specially employed by the Okinawan Salon Forest Re¬ 
search Nursery and assigned to work with me. Amano, employed by 
the Okinawan equivalent of tlie Department of Agriculture, joined 
us when he could !« spared and spent many after-hours with us. Mr. 
Sonohnra sometimra broke away from teaching in the Nngo Agri¬ 
cultural High School halfway up the island to join our forays. As 
eager botanists these three cannot be surpassed, and to their whole¬ 
hearted cooperation, extensive knowledge of tlie fiora, and tireless 
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labors is due the success of tliis trip. We were all working together 
for a common end, the advancement of botany in the Ryukyu Islands. 
Headquarters for our operations and adequate space for our drying 
apparatus were generously provided by tlie Okbiawan Government’a 
agricultural experiment station in Naha, the Yogi Agricultural 
Institute. 

Dr. Floyd Werner, of the University of Veimont, the first entomol¬ 
ogist w'ith the SIRl program, was also located here with his Okinawan 
associates (pi. 8, upper). We coordinated our operatioiw and traveled 
together as a collecting nnit, using the same Jeep. It may well be 
imagined that there was seldom any extra space and that frequently 
considerable finagling was necessary to see that the MP's w'ogld not 
find more than the legal five persons in onr vehicle. Fortunately they 
would not have counted the gear. In spite of Wenter*s and my almost 
complete lack of knowledge of Japanese and tlie Okinawans* lack of 
Engliali, except for Mr. Tawada who knew enough, plans were made 
anti operations carried out remarkably smoothly. IVl^en in doubt 
as to wliat was going on, a common enough circumstance, we left our- 
selves in the Imnds of our Okinawans^-ond all went well. 

At first we were limited to short trips in daily requisitioned leeps, 
and so we became acquainted with the highly altered vegetation of 
war-devastated southern Okinaw^a. But such plants are integral 
]>arts of any flora; indeed, they are often of more economic signifi¬ 
cance than the more remote native plant assodations, which to the 
botanists are admittedly much more interesting, Wlien, on July 4, 
the Army at some sacrifice finally assigned a jeep to us for unlimited 
ex {led it ions, we established headquarters in Nago for a week of botan¬ 
izing in the forested mountains and remote parts of the island. Speci¬ 
mens were sent daily by local buses to attendEints at Yogi who kept 
the plant driers going day and night. The traditional metliod of 
drying specimens by absorbing their moisture content by means of 
blotters or felt driers is quite impossible where high humidity pre¬ 
vails as in Okinawa. Instead, bundles consisting of specimens alter¬ 
nating with corrugated cardboard or corrugated aluminum sheets 
were strapped together and suspended vertically over Japanese-made 
keroHone lanterns. Heat from the lanterns rose through the corru¬ 
gations, furnishing enough gentle hot air to dry the specimens in one 
to several days. 

Through July and early August field trips of a week or Icsa alter¬ 
nated w'ith returns to base to recuperate and to care for the specimens 
conected,* TrVe made trips to the tops of several of the higher moun¬ 
tains, sometimes climbing up the narrow, slippery trails used by wood 
cutters in carrying out on their shoulders selected logs of the more 


* For detaU* of pl*eo« botwilswj, IBJf poper lUtWl at *n(i of Wrt, Jt, 
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iraluabl© species. Sometimes we pushed our way along abaodoited 
and overgrown trails, always keeping a wary lookout for new plants 
and the lurking “liabn,” the poisonous sfialce for which this island 
is too often maligned. Outside of a dead one, crushed by Amanova 
heavy heel before 1 came pufling up, and a less poisonous ‘^hemihabu'^ 
seen on one of the southern islands* I saiv none of tliese reptiles. I 
mtiher suspect^ how'ever, that more than one lay quietly where they 
were. Hie Okinawans at least were always alert to this danger* 

One of the best collections was made in the jungle called Taniinato- 
ugan {pL 6, upper) * This area, running up the siclo of a mountain to a 
limestone precipice, was a protected religions shrine and woa left un- 
touched by the wood cutters and thus sliow^ed tlie native flora better 
than moat areas. We collected freely, but I doubt if our scientific col¬ 
lecting was regarded as any transgression of its sanctity. Never to be 
forgotten w'as tbe trip to another shrine area, Manzamo or Banzamo, 
which means *'a million people sit down,** referring to the open, park¬ 
like nature of this seaside cliff summit and its ojsen grove of Luchu 
Island pines. Here there is a stone monument to an Okinawan poetess, 
Onna Nabe, bearing her i>oem commemorating the visit in ancient 
times of the Shuri King to this revered spot: 


Nnnil no KwEn tumarl 
KnJL no Kwin tiamrl 
^btiyul Tin-Jiinni^hl 
i^lyanstit wugumii 


(Die nway tte iteo : 

Be quiet tbe wind; 

I would welcome aod Ikiw 
Tq thff ShurK King.) 


But of more significance to a botanist was Miins^anio as the original 
and only known home, technically called the type locality, of a new 
species of Port^ilaca. On the summit of an almost barren, spray- 
dashed limestone cliff* Tawiida in H)49 had discovered a plant he 
tliought represented a new epcoies and had sent specimens to me, 
along with a drawing. It was technically described by me as P^tu- 
lii^a ifkinaimnsh^ accompanied by Tawada'a illustration, in April 1051 
in a TrViishington Bcientifie journal (/-J)* the first botannical paper 
jointly authored by an Okinawan and an American. On this visit 
we supplemented the original collection with more specimens and 
photogriiphc<l in color the diminutive plant and its siveeping outlook 
over tlie East China Sea. 

On tills same cliff were al^ collected herbarium specimens and 
viable ^ds of Tliis native Eyiikju aster Avas origi¬ 

nally named t'a/oAeWa ciliat{i by the fiimous American botanist 
Asa Gray, from collections made in ^Osumi^^ ® in the notrhern Bvukyus 
by a botanist with the United States North Pacific Exploring Expedi- 


*Tkr. pwW If ni?is rleur, W# muy ftiaiiiM ef Q4uniJ nitn 

tei Hbiv lilBbiJ lu iht OffUtnl OuhEu. 
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tioD, whith unniedlutely foUowed tJie Perry EiiJcdiiion tliat opened 
Japan to western trade, "Wliea tJie beloved Japanese botanist Prof, 
Tomitaro llakino found it needed a new uanic, he giiiciouBly honored 
its first describer. 

It would be sHperflnous here to mention more of tho places visited 
and the interesting plants collected. The iiiidsuinmer mootlis, how¬ 
ever, are not Uie ideal ones for plant collecting, for many aijecies are 
through flowering and have not yet developed mature fruits, and 
the fall flowering plants are still gathering strength for Llossouuug 
forth. Full flowering and fruiting specimens are those most desimbic 
for representing the species. However, by August L2 we had assem- 
bled nearly SCO collections, or over 2,500 specimens for shipment to 
Washington. Further operations here would yield a progressively 
decreasing return of new material. On August 13, after a 10*divy 
delay in finding transportation, Mr. Tawada and 1 embarted on the 
FS-204, an Army supply boat which made a montlily visit to the 
scattered United States stations, and the neit day went ashore on 
romote Iriomoie Island, far down the chain. 

botanizing in the southern RVUKYIiS 

Iriomote Shima is about 14 miles wide and IT miles long. Almost 
tlie entire surface of the island consists of heavily forested mountains 
running up to 1,350 feet. The lower courses of several streams arc 
drowned estuaries lined with mangroves (pi. 10, upper). There tire 
a few small villages, hut no loads and no wlieeled vehicles, barring 
rusting bulldozers and ooaUmine trucks no longer usable for lack of 
parts to repair them. Tlie mine, however, which then was being oper¬ 
ated by American interests, boasts a railroad about 2 miles long, which 
brings coal to the loading dcjck. Ships call only occasionally, how¬ 
ever, and the industry is by no means a thriving one, Lumberirsg has 
been carried on, but the last American attenipta were given up not 
too long ago, and when Tawada and I sought the interior by means 
of tlie logging road, winding up from the farthest point on the Kskara 
River which we could reach in a small boat, we found it so badly 
washed out that even truversing it on foot was hazardous. The 
botanizing, however, was superb, as it was everywhere we went on 

thi s i sland (pi. 10,1 ower). 

The nisei Japanese Mr. Katz, temporarily in charge of die 
American headijuurters for the mine, gave me quarters and food and 
a room for preparing our specimens. From here we sallieil forth 
each day on foot or by boat to more distant parts. Tawada was 
thoroughly familiar with the region, as he had been a teacher in 
Sonai village years ago and knew the best collecting places. Sons! 
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was tbe most prosperous viUugo I saw la uil the Kyokyus, The war 
had hal'd ly touched this tea^ote Islaadf atid the people, except those 
corrected with the mine, seemed to bo lisppy and thriving, 

Ferliups the most metuotable trip we made was the one up Llie 
Urauchi Biver. We crossed over the day before from our base In 
Shira-Iutraa to Sonai, where the local forest office made us welcome 
for tlia uight and the locaJ hotel sent ateaming Japanese food. Next 
day we crossed the Hats, climbed a ridge, and dropped down to the 
river bank where a boat awaited us. Thence we were skulled up the 
river a few miles between heavily forested mountain slopes (pL 5 lower, 
and pi. 10, center) to tlie lower falls, whence ;ve proceeded on foot 
along the gorge to the upper falls, collecting os we went. Time out 
was taken for a swim in a pool, the only time 1 was comfortably cool 
iu my whole Kyiikyu visit. 

After each of these trips into the field, hours were spent working 
up the notes, improving the specimens, painting them with alcohol 
and formalin, and wrapping them tightly in bundtesL in this oondi- 
tion they would keep from decaying until our return to Naha in Oki¬ 
nawa, wiicre they were subsequently dried. 

Irioniolo is friendly, it is wild, and it ia remote. For restful isola¬ 
tion it is ideal. No boats, other than small strange fly-by-night craft 
with ancient throbbing diesel euginas, called while we were there; 
hence noth ing cou Id be sent or received, most Tegrettsbly mail. Had io 
telephone communication, however, was maintained wjtlt the United 
States Army’s Yaeyama Civil Administration Team’s headquarters 
on Ishigaki Island, the next one cast of Iriomote, By this means, 
Lt. Col, Hnzen C. Schonman, in cliarge of that team, extended Tawada 
and me an invitation to come out to sea next day and join his official 
inspection trip in the fiO-foot police boat to still more remote Yonaguni 
Island to the west, the last in the chain and almost within sight of 
Taiwan, 

Yonoguni Slilma is a plateau scarcely 7 miles long and 2^/4 niiles 
wide, bounded on almost all sides by sheer limestone or sandstone sea 
cliffs (pi. 9, upper). Tliere are two small, partly artificial harbors 
suitable for small craft. Two peaks rise up above the plateau to T40 
and 600 feet, but they hear only poor secondary foresls. Tlie island 
is well populated and extensively cultivated or gnxxcd. The Amer¬ 
icans recently built for them their first motor roads totaling 9 miles, 
thus initiating the motor age in this end-of-the-carth spot. Still more 
recently the Americana liad broken up with a heavy hand an extensive 
and lucrative smuggling trade with Communist China. ITence, there 
were no friendly looks for n stray American botanist, and only the 
children smiled at me, as they did everywhere I went in the Hyukyus. 
Here 1 felt quite unwelcome. Nevertlieless, I was invited to join 
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the people’s official welcome to the colonel and hie party, where we were 
entertained far into the night by speeches, food, and drink, and an 
elaborate program of native and Japanese dancer 

On Yonaguni, botanizing on the tag end of one day and the whole 
of the next yielded a relatively few new plants, but since 1 was the 
first American to collect here, so far ns known, we tried to make ns 
good a collection as we could in this limited time. Fortune attended 
this venture, and we returned to Iriomote witliout mishap or rough 
seas. We could have been stranded for days or even weeks, had a 
typhoon blown up and held the police boat in the diminutive port. 

After n few more days of collecting on Iriomote, my kind host from 
the mine operations took us and a load of Okinawans to Ishigaki Is¬ 
land in an encient LChf, a relic of that great fleet of shallow-draft 
landing ships which proved so important and serviceable in the war. 
Here Colonel Scliouman and his staff graciously provided all we 
needed, especially a jeepj for six more days of collecting. Here were 
mads reaching almost everywhere, and again we sallied forth on rub* 
her tires as on Okinawa. 

Ishigaki Island is in rather striking contrast to the islnnds visited 
to the west It is about 8 miles in diameter, with a long, slender 
peninsula extending from the eastern shore northward, and shorter 
and stubbier peninsulas on the northwest corner and upper western 
side. The lower half or more of the island is a highly cultivated 
rolling plain, largely of raised limestone with much evidence of hav¬ 
ing once included coral reefe. Heavy forested mountains, rising up 
to about 1,700 feet, stretch across the northern part, dropping down 
almost to the water’s edge on tlie farther mde. Tlie mountains are 
largely of igneous Paleozoic rocks overlooking the plains of younger 
gravels, sandstones;, shales, and Umestonea. The shores of Ishigaki 
are generally low and reef-lined- There is no harbor, but the oor.al 
reef on the south runs far out to sea, partially protecting the open, 
shallow roadstead off Ishigaki City, where all but the smallest ships 
must cast anchor. On threat of a typhoon, they take shelter in 
Fnnauki Bay, one of the deep, protected estuaries on the far side of 
Iriomote Island within sight to the west. Agriculture here is some- 
wliat different. Farmers more often live in the city and ride out 
daily on horseback or springless carts to work their fields of sweet- 
potatoes, rice (both upland and wetland), sugarcane, and other crops. 
Fresh pineapples were seen and enjoyed. Many other crops are 
raised, and improved farming is encouraged by a thriving ngri- 
cultural research rtation, an agricultural high sdiool, and other 
organizations. 

The city of Isliigaki, on the broad, flat southern coast, is neat and 
laid out On an unusually regular pattern of streets. Those are almost 
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solidly lined with walls built of neatly arranged cotal heads or boul¬ 
ders from the shore or ofFshon? reefs, or of triinmed: blocks of sur- 
prisjiigiy easily cut liniestoiie from inland quarries;. It boasts good 
stores, government buildings, schools, and a fanious and conspicuous 
weather station with a long record of uninterrupted service^ 

In the G diiya of colleeting there, we touched at leitst the major 
spots, the east, west, and southern coasts, the northwest peninsula 
with the village of Kabira, carefully ^udiecl by the ethnologist Dr* 
Allan Smith while in special residence there, and points en route. 
We climbed the central mountain (pi. D, lower), though our guide-, a 
local foi'ester, misEicd the overgi'own trail to the highest peak and we 
viewed our go;il from a no less botanically satisfactory, but slightly 
low er, out lying bisob. Of sj^cial interest was the work of the forest 
office, w hich kindly provided space for our work and housing for IMn 
Tjnvadu. The. director proudly showed ug lumbering operations, 
forest control, promising forest nursery stocky and experiinental plan¬ 
tations^ especially unique stands of Pi^ce&rptt^ m/ircophyllv^^ and of 
other s[>ccie8 in an abandoned stream lied. 

All these islands are beautiful, but the beauty of Ishignbi stands out 
most vividly in my memory^ recalled often with the aid of my color 
photos. From an eminence, Kara-dzike (ph D, center), close to the 
easLern shore, ^5cenes of incomparablo beauty ai^d color stretched out 
in all directions* The deep blue of tlie open sea, separated by a 
white surf line from the varied light greens, whites, and yellows of 
the coral lagoons and shore; the rich yellowish greons and browns 
of the wind-rippled grass cover on the rounded hills marked off by 
narrow stream valleys studded with rice paddies, sparkling in the 
lowering sun; the dark forested mountains to the northwest like a 
great backdrop (pL lower); and beyond and above the gmit billow¬ 
ing clouds reaching up to the blue of the sky—such memories cause 
others, well forgotten, to fade away* Equally vivid was our depart¬ 
ing view of L^higaki Island, from the little pulsing Wakaba If err u, as 
we skirted its norLheru coast head ing homewa rd on September 7. The 
sea was glassy, aheorbing and enriching tJie intense azure of the sky, 
and throwing it back from the siuootli curve of the foam-flecked bow 
wave. Bey olid tit is curve the sea took up tlie greons of the shore from 
tlie daj'k shadows in the mountain forest to the bright yellow-greeng 
of the two rounded and suggestive knobs at Kabira. Above were 
again the billowing cloudst ever-present in the Tropics. Indeed, 
plant collecting is not all sweat and toil and dull, dcadf enigmatic, 
pressed specimens for musty museum cases. 

Tile TFnAvzArt dropped anchor at Miyako Island, and again 1 
was a grLtteful guest at the United States Army's establishment. So 
highly cultivated is Jliyako and so devoid of almost any habitats for 
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nativa pltints except roadsides and eeasliores tliat it bae little attrac¬ 
tion for a roving botanist It should be one^a first rather tlian his 
last island. But yet on our two little forays, additional species of 
Okinawan * plants were found which were not yet I’Cpi'esented in our 
collections, and others received better rcpresentationHi Wo stopped 
briefly at an agricultural school and passed the gaunt spectre that 
once was a modern sugar refinery^ which, if spared, would have been 
an invaluable factor !n postwar i-eliabiUtation of tlio local economy. 
Kearbj, a blindfolde<l horse went round and roiuid, operating an 
ancient, primitive sugar prtsSj and in crude vats unre-fiueil sugar 
crystallized out of the frothing juice. 

On Septendier 10 we returned to Naha to dry our soutliern-gutliercd 
b»pccimeiis and to pull together the loose ends before departure. After 
a farevk'ell Japanese dinner in a neat Little upstairs restaurant, Ave 
unceremoniously} as seems to be the custom there, said our farewells— 
ono can-t be effusive or highly selective of sensitive words when only 
the simplest are understood and those unaided by grammar and 
rhetoric. One can only hope that ones affection and re9i>cct arc 
transmitted by other than hngiiistic means. 

Long before daylight on September 19, my plane again rose Into 
the air^ swung roaring over sleeping and was soon lo^ in 

the clouds that never opened till we dropped into the rain below 
them, and looked again on breatli-takingly beautiful Japan, neat, 
clean, I'elatively prosperous, and completely ordered, at le^osl so it 
seemed in contrast to the struggling Ryukyus. After further visits 
with Japanese botanists^ attendance as the only foreign guest at 
the seventeenth annual meeting of the Botanical Societ^'^ of Japan, 
and some houn? of research in the herbarium of the Univeraity of 
Tokj-o, I was off for home via Wake Island, HaAvaii, Travis Air 
Force Base in California, Oakland, Sun Francisco, and Chicago—and 
arrived In Washington late on September 30,4 months to a day from 
my take-off. 

RESULTS OF THE FAl^EPlTJON 

About 1,500 collections, totaling over fi,000 specimens, were flown 
hack to the United States by Army cargo plane. ^VJien identified, tlie 
first set of these specimens will be deposited in the United States 
National Herbarium under the Sniitbsoiiiaii Institution, where it will 
remain along with other Ryukyu specimens to support in part the 
Flora of Okinawa. One set wnl] go to Japan for study by specialists 
there, who will report their determinations, .\iiother Avill go to the 
Bernice P. Bishop Museum in Honolulu, the main center for many 
l^ucific studies and for deposit of scieutiiic collections made ou the 


' I’oT lui^ of tbfr Dam# ^'OtliLBWJifc” irt aonoitalloii In tht 
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mmiy expeditions which Uie Padfic Science Board is siMiisoring. 
Slill anotlier set will be laid aside for wtuni eventually to tha Uni- 
^'orsity of Uie Byukjiis on Shuri Hill, the site of the well-known ancient 
Shuri Oistle, traditional home of former Oldnawa kings- Here H 
will be avnilnble to fotestci^, agriculturists, teachers, and students 
of Kyulcyu plants engaged in further botanical study. The still re¬ 
maining sijecimcns will bo be sent to various otlier institutions in 
America or Europe on an exchange baas. Thus are herbarium col¬ 
lections built up. 

Tliere rciuaius llie task of critically identifying Uie specimens 
gathered on the lOal SlHl program along witli. reexamination of 
other coUections made by Okinawan botanists botJi before and after 
this expedition, various servicenien^s collections now in tlie United 
b'tates National Herbarium, and the collections by Charles Wright 
made on tlie United States Exploring Expedition (the Ringgold and 
Rodgers expedition), which immediately followed the Perry Expedi¬ 
tion, and tliosu gathered by E. IL WiEou In 1917 for the Arnold 
Arboretum of llarv'ard University In addition, and as a re¬ 

sult of making the acquaintance of Japanese botanists and institu¬ 
tions, duplicates of important coUections which they have made in 
earlier years in the Ryukyus have been leocired. Perhaps tiie Japa¬ 
nese specialists will reexamine other collections in Japan while study¬ 
ing the SIR I specintens sent to them, Thus all will aid in dociunent- 
ing the Flora of Okinawa. 

This critical exninijmtiou of herbarium material may seem some- 
wlukt remote from the needs of administnttors engaged in alleviating 
distressing economic conditions. However, when perfected, this Flora 
of Okinawa will give foresters knowledge of the native and intro¬ 
duced trees that occur there. It has already been inralusble in pre¬ 
paring n requested booklet, ^'Important Trees of tlie Ryukyu Islands’' 
(.tj). Agriculturists will know what w^eeds there are which may be¬ 
come obnoxious among Llieir crops or act ns alternate hosts for crop- 
destroying inGccts. Administrators will be better able to draw' up 
quarantine laws for the exclusion of harmful plants and animals, some 
of which have already arrived tin impeded aud are tlireatentng this 
over-burdened economy. Landscapers and soil conservationists will 
know what plants are available for tlieir use in covering uiid enriching 
bared and sterile fields, or for shading buildings and roadsides. It 
may help gracing projects or airfield const met ion in fludiug native 
grasses for Uteir varied needs or to know' which ones arc pests and 
should be eradicated before tliey btscome too well eshdiUshed. Tltose 
developing measures for control of insects carrying human diseases 
must know the proper names of the plants that luirbor these pests. 
Indeed, many are the practical qocstions thnt cun be answered threugh 
the aid of a regional fiora. 
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OKINAWAN eOTANlSTS 

Upprr: Time out lor lunch wkik botinidcij? on NagO-DlU. Left, Mr, Am ado; rigbt, 
Mr Sanob^rt^ 

Lotefr: Mr, TlWadl, with plant pres-E and bundle of ip™mcni, and A bahu ftick fo ocaI 
with The djtaded poiioruLiE ^lafike. Photograph hy Floyd WEnier, 
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PLATE 2 




New Culture or ftviRS of the Old 

Uppfr: The idminliintwn of the po*tw^r-eita_bUihc4 Unlveniiv of the RyukyLii, 

biiLIt on ihc Hi|e of iKc tiifone room of ancient Shun CAiife, ihE war^ciirtuvijed fainouii 
reniinj^r of the carlv independccii Okinawan tltips. F'hotofcraph bv I faroCd C^Eid^. 

I/Trfffr: The approach to an ancient ihriiK on chU hiil in Naha overlocklnj^ chc ka if all that 
tun'ived the wjr^ 
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PLATE 3 




FAftM&ArHO SUOAPCiMHE 

Uppfr; Trcclisss HMiThern Okiniwa^ iccnc of tcrrlAc World 11 battlcB, ti now ninitljr 
r*rm ]and+ broken yp itito dEmirmt[v« tifftiJSr 

iotwr* Sulki of lu^^rcanE, the third nwMt LmportJint cr&p, tKtiia mJfcrtd for mIc bv farro 
women an ihc annutil feitival (tj-y in inemoFv of th-f hotlofi^ lamili'' Anc^itori., 
jjnphi by Orin A. Hilla. 
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PlJ^TE 4 




Rice AMD SWEETPOTATOES 

Uppfrr The two principAt ciopAof the Rj'utjfus; rice, in the imifAWc bwlAnd p^ddy llielsJ*, 
And iweeipatiLon^ on the tetmtd ik>p» elEendin^ up to woodland bcytjnEK 

BundlinR rice tecdjinRa> densely in metiCuIcKifly prepared seed bcd^, preparn^ 

tm>- to IratisplflnLtrfcfr Inin flowed piddy ftcLda shown be md. PhotO^ra ph by W*:** f li nt. 
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PLATE 5 




UJt: 1>CEIIC^ broad-lcavcd^ cvcrjjmn fthibLrapka] forcKU, like iUoK of InoiPtnc shgwn here cover the hi^hcf, Icbj acecisiblc maiintaLna of these iilundi, 
iJitJlj'; ■‘I'lmber ^nd fuel are carried from there mouiiLimi on by man haelu or bead*. Pboiojfraph by Ddoi FlirH, 




FOREST AMD SWAMP 

Uppff: OUnawAn boctnitt# SQimhara lEiii TawaJa in»p<^Ct Atl ancient itransiinff fig or 
banyan, whi^ie' bailittl- rocli CElvelcipe^l and choked Iti hoiE: and wfiote rcftti grew 

inio iLipporunjt props. t i j - 

Aapcv*f; ’^riic nlpa pa[m wil diicovcrciJ in D Rtfl ElginVc iwanip on IriornOTC lilana,, ili iWHt 
northtriy known occurrence. 
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PLi^T£ 7 




PINES AND CyCADS 


Upf^-' llw Luchu Iilirs4 pine, which berainca In age a diAracicTiitfc f!at-t 4 >pfwd tr« of 
the lower Eanda. Pliatogriph bv T><*kii Flini. 

The itL^-fTrindrd dark jfrcoci pal ml Ike »a^ cyc^A, Cyrdf eonknhJn ill the 

^FittTandi, ofien atrmfis ftcattcitd pim-i. PhotoiraLph b> R. W. Sirriottfton. 
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GRASSES EN OKINAWA 

Vpp^rrj ,\n tfnt0iiic4ogitl ctjtlccu Anldti;^ chcfo^mr t'tiuei IA abundant in the war-dk$turbed 
arrun, 

Inf^irr In %ht fflEI the ill very plumei of the coarjic .l/ijrdifftJlh j ^nimaic the 

Eindieape. Den w evergreen forest In baCk§;nnUFra. Fhntojrraph by W, G. t-reciiyp 
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PLATE 9 



HEADLANDS AND GRA^^UANDS 

Uppff: IT^e tiAF«-u>pped ciiiern hradtftrkd of tmaW Vonaguni liliod, fojt tn the chwa, where 
foatip And ctiiic ^izc. 

grainy dome oi Kira-dAlce on lihigaii, vaotagf puht fraifs which the pholO- 
gTAph LEI I ne lower hgure wai^ ttkcfl. 

jLwt^.- Yellow-^n pAunrts eut by ihininu paddy fields in the runlet* atretcb awAT 
toward the dsnK hetTlly foresteil backdrop of luoQEiUtnft riiSno to OniutWakr, L/tkJ 
feet high* 
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FUATTe 10 




TIDAL ESTUARY VBGETAT30N ON IRFOMOTE 


Uppft,- pjindanuc or icnrw pi nr Yinct tlir ratdib]i<KrJ near ihnre^ while 9 gtoirt 

nyi over ihc ilcIaE mud from ihe ihorc btjiif>ud+ 

CrurV/; A valued timber irte^ ituofaiit, i»w r^re, gn>wi jwit bej-ond ihc mAn^rEove 

trrrt a|nn|t the Tidat UrAuchi River banL 

TaWAdfl taketl a ipeeiflien Irom a pwanprinvE ihruh, .'fT^i'jrrNnEd wbtMr breathing 

fqau rise firi|(frlike iKfougb the *attJ froTfi hnpf, rAdiatlnf^ buried moi*. 
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botanizing with the OErNAWAK&— 

RE\1EW 07 THE VEGETATION 

Floristically, Okinawa Island is divisible into tlie southern war- 
disturbed and th& nortliern undisturbed parts. The southern end, 
eapeoially below the narrowest neck of the iskuA, has an unkempt, bar¬ 
ren appearance due in the first place to the paucity of trees, the bar¬ 
renness seemingly only augmented hy the few scattered remains of 
the prewar trees. Those tlmt the Japanese army ^d not in build¬ 
ing defenses, the Americans blew down to eliminate snipers. En¬ 
couraging headway, however, has been made in planting trees, and 
the Saion Forest Knrsery gives much promise of a better woody vege¬ 
tation in the near future. In the second place, the barrenness is attg- 
mented by the unkempt aspect of the abundant cover of tall, coa™ 
bunch-grass, mostly fioHdulus* In the fall, however, this 

graa adds a silvery sheen to the landscape, for then it bears abundant 
large white plumes on stalks higher than one*s head (pL 8, lower). 
Other common coarse grasses are cogon grass, Impeirat^ c^fUjuirka 
var. and S^i^ch&TUfni also with whitish infiores 

cences* The abundant thick-stemmed stiff-leaved, dark-^cn, palm¬ 
like cycads, (pL 7, lower), are chameteristic features of 

tlie landscape, growing on the shores, hills, limestOMe knobs, and edges 
of cultivated fields, Wliere the battle eddied around a six)t, there 
might remain characteristic open titands of the Luchu Island 
pine (pL 7) with intermingling cyads and coarse passes. C^- 
cently many of these pines are dying from the dfiprcdations of an in¬ 
sect pest- The rough limestone knobs and cliffs that jut out here and 
there are usually clothed in shrubs and scraggly trcea^ Among them 
especially are various species of banyan, the most common being 

which can be any tiling from an almost climbing \ ine or ut least 
a clinging shrub on the bare face of a rock to a broad and venerable tree 
with huge spreading branches hoary with hanging aerial roots (pL 6, 
upper), The appearance of barrcnne^ is further augmented by the 
American installations built on great bulldozed and leveled areas, once 
hills and valleys covered with gras^ trcea, or cultivated fields* Oki¬ 
nawan villages are nearly always hidden in abundant verdure, partly 
for tlie comforting shade, partly for typhoon protection, and perhaps 
partly because the principle of laissez-faire lets nature make them su¬ 
it is too soon to predict with confidence what nature will do to the 
American installations, but if the wet weed field I saw green with now 
verdure three weeks after it was bulldozed into barrenness is any indl- 
cation, perhaps even southern Okinawa will be green again through* 
out. Already one sees along the roads and among the houses many 
planted, feathery casiiarinas (•CusuUrtjiu oils') and acacias 

confusu) and other introduced ornamental trees. 

' u CilTi4 kTLflfil fru* la imerfcMli wimnw p^lbUvtlmu. 

zaoMa—50—au 
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On going nortli ono^s spirits rise ^ he tneets the first aggregation 
of ]arge, untoueheclj flat-topped Lruchu Island pines. From then on 
the vegetation lends a more peaceful and pleasing aspect. Less weedy 
thickets line the high way j and the villages are better hidden among 
protecting trees. Most strUciiig among the cultivated trees in ahne^t 
every village ia the *^fukugi^’^ Garmnia a dark-greenj thick* 

leaved introduction from southern Asia, its sliape rezninding western- 
era of the lombardy popla n It grows i n close rows along the st reeta or 
property lineSj and, hc^use of its slow growtli, one can guess fi^m the 
size of its “fukugi’* trees the age of a village. 

The read north on either side of the island follows the shore closely, 
for inland tJie hills and mountains become ever more nigged. Hence, 
one sees many littoral trees and shmhs, mostly unfamiliiir to those of 
continental temperate climates. Common among them are: Her- 
Tiandi^ ^onora (Uem^ndta oviffara) (Hern and iaceae); ‘‘wild hean/^ 
Pongamm (Leguniinosae); sea hibiscus, U^iaam 

and Portia tree, Tha^paain popvl^ea (Malvaceae) ; Alexandrian lau¬ 
rel, CatopkgUun^ inophgUum (GutUferao) i iDdian almond, Termi- 
naiia cat^ppa ( Combretaceac); Cerh$ramangka^ and Laataria iwasa- 
kuina (Apocynaceae); velvet-leaf tree, AfeAiser&chmidm aTgantaa 
(Borflginaceae); Pr^na ohimifolm (Yerbenaceae); G^^Uarda spa- 
ciosa (Itubiaceac) ; Scaaifoln fruteseam (Goodeniaceae); and Uiatch 
Bcrewpi ne, Pandanus lectorim van uensis. Perhaps the 1 ast is the 

most striking and characteristic tree or shrub of the shores (pL 10, 
upjjer) and the higher wastes, and a very useful plant for thatch, hat¬ 
weaving materials, and other products* But its most important, func¬ 
tions is to protect the areas behind it from the sea and wind. 

Near Gesashi village on the east coast of Okinawa above the mid¬ 
dle, we visited a typical mjingrove swamp w'here a stream flowed into 
a bay. There on the expo^d muddy tidal flat stood the character¬ 
istic mangrove tree, EhisQph&ra mifcrmna/fj, on its conspicuous and 
somewhat ridiculous stilt or prop roots. Its associates were the red- 
flowered conjugate and the white-flowered Kandelia aandeL 

Other typical mangrove associates were there, all properly atoned 
toward the higher and drier land. Mangrove Bw^amps, however, 
were better developed and more significant in the southern islands 
(pi. 10, upper and lower), 

All the land that can be cultivated is, of coui-se, given over to cropg. 
From the beach sands to far up on the mountains are cultivated 
fields (pi. 4). Wlierc rice can be irrigated by gravity, that m the 
staple crop. But the largest crop ig the sweetpotato, grown everj^- 
where on level ground and on terraced hillsides, with grassy ridges 
between tlie sloping fields, carefully protected from erosion by well- 
tended vegetation,, which often included the characteristic cycad* 
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Formerly, at least, sugarcane (pL 3, lower) was the third principal 
crop, grown only in the south, but the former sugar milla and the 
market for the sugar produced are only now being restored. Although 
there are many other crops, one is impressed by the dependence on 
sweetpotatoes. Tliis makes more serious the problem of combating 
tha recently introduced and seriously threatening sweetpotato weeril 
and the sweet potato blight. When not cult Ira ted, the cleared slopes 
are planted, or at least often grow up in pines or other second-growth 
forest trees. All are sources of fuel, and one is impressed by the im^ 
portal)t industry in the northern villages of hauling down from the 
hills poles and small trees, cutting and splitting them into fuel size, 
and the wood on the roadsides, whence trucks may carry 

it to tlie larger towns. This activity makes serious inroads on the 
forests wherever they can be reached. Among the first invaders of 
these cleared lands are, orf course, various ^rubs and weedy trees, 
among them, perlmpa, being Tr^ma on'entaffs with banyans following 
after, usually beginning as epiphytes and finally strangling and re¬ 
placing tie host trees. Sometimes camphor trees (Cinnamomm. 
cemphora) or other usefiil species arc planted. In the far north the 
narrow, steep ravines filled with the light-green spreading leaves 
of the fiber banana are a striking feature. The slopes between and 
the headlands are spotted with dark-green cycada. 

Turning now to the higher slopes and more remote mountain peaks, 
one finds an almost unbroken tropical evergreen jungle composed of 
a great variety of trees, with anderstories of lesser trees, shrubs, and 
vines. Epiphyte® are not specially fiumeroua, as in many tropical 
jungles, but the ground Is hidden under a well-developed herbaceous 
cover. T1)€ most valuable trees for man’s uses are vorious oaks. 

Litfiocarpu^; chestnut, ititchuenns/ and several 

laurels (Lauraceae), such as SfncMivs Mttnierpri, ,V, ionffifotia^ Pin- 
nmnotnum japt^meum, C. and Aetinodstphne Zcn«/af£o. 

E<|un11y sought after for timber are members of the teti family 
(Thesceae),such as Adinandmmjuhfvenak, OameUiamyagii^Cleyera 
japoniea, Shima KuMuenAis^ Tcfnstroemia yyinTUinth^ra, and Ttti-' 
chcHa virffata, and members of the persimmon genus (Diespyrot) 
in the ebony family (Ebcnareafl). A characteristic, easily recognissed 
tree is the native palm Arenffa tngJeii. Indeed, these forests, which 
the Japanese botanists charnctcriae as taurisilvae, aro rich in species. 
Now and then we saw in the northern mountains remnants of planta¬ 
tions of the Japanese cedar, or sugi, Ori/ptotneria japontca^ but this, 
probably the most valuable of all trees in Japan, is not indigenous 
in the Rynkyus except in the northern islands, where it forms natural 
forests at high elevations, notably on yoknshima. The central and 
southern Eyukyus apparently lack sufficiently high, cool elevations 
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for both sugi and the hinoki or false Japanese cedar^ 
also tried in plantations here* 

Another important group of native forest trees, especially high on 
the mountains, is the podocarpa^ Podocarpus m^crophyUui and P- 
mffi. Cliieflj above vi^here these grow one usually finds a pure stand 
of bamboo forming an extensive zone or a completely capping, almost 
impenetrable thicket- We were grateful that we could follow the tim- 
ber^cutters^ trails kept open through these tliickets and jungles by 
constant use, Eveiy little way wo would find a layer of bark and 
chifis, marking where a tree had been cut, trimmed, and roughly 
squared^ From there it had been carried on the cutter^s shoulder, 
supported by the handle of hia ai aert^ his other shoulder, on down 
the mountainside^ His wife might carry down easily an apparently 
staggering load of brandies for fuel {pi* 5, right)* Tliig process of 
selective cutting lets the forest grow continuously but results in its 
steady deterioration through removal of the more valuable trees* 

Everywhere in these forests there are ferns^ Tanging from large tre® 
ferns, Cyi($thea fatJfiei and species of AlaophUaj to the tiny delicate, 
filmy ferns, Hymenophyll^m and Trichomane^^ growing in the murky 
forest on wet soil or dinging to shaded tree tnmka Our presses wera 
loaded with these varied spore produccra. There were mosses, too, 
but wo had to neglect these lowly forms in order to concentrate on the 
higher plants. 

Grasses, of course, were less significant in tire forests than in the 
open but occurred everywhere, and we eollected eimtnples of many 
species. Nest to the coarse grasses already mentioned, in respect to 
interest, however, rather than conspicnousness, come the several species 
of ZoyjM, a low, thick-growing, somewhat wiry grass of waste fields, 
often found on high limestone headlands, wliero it cannot escape in 
times of storm being drenched with saline spray. It forms a good du¬ 
rable turf and is so desirable for planting on sterile soils at new housing 
areas that it is being removed from some natural Brea5, such as Bnn- 
zaino, with detrimental effectai Members of this genus are frequently 
sought for golf course in America and may play an important part in 
covering airfields between the runways, but it seems that better tech¬ 
niques for its cultivation need to be develoj^ed* Perhaps our sending 
back live samples to the U* S. Department of Agriculture may help this 
cause. Another ground cove r is L &pturu^ repent^ fou nd in thick stands 
on the upper tidal shores or mud flats south of Naha and elsewhere. 
Along with virgini™^ it performs the valuable role in 

many parts of the world of helping reclaim land from the sea. Bam¬ 
boos, contrary to expectation Ln this Far Eastern laud, aeem to play 
a relatively small role in its economy. In Okinawa these woody 
grosses were seen only here and there, except for the high mountuiii 
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mm already mentioned, appearing to snpply solely the limited local 
needSf especially materials for tliatching houses and weaving baslcetB. 
Only on the island of Yonagunl were they found growing commercial¬ 
ly, an extensive plantation there covering a large area on tlie side of 
a ridge, whence they are exported. The paucity of domestic animals 
in Okinawa seemed out of harmony with the apparent potentiality 
for grazing. Perhaps this is a temporary postwar condition, related 
also to the shortage of fencing materials. But there seem to be plenty 
of forage grasses, only awaiting further agronomical study to initiate 
their beneficial use, though of course they are soil binders wherever 
they grow* It was noticeable after the war that the weedy grass 
EchinocAl<}ta invaded tlie uncultivated ricefields in great quantity and 
would have Itimished food for domestic animals had any been left to 
eat it. 

References have already been made to the vegetation of the southern 
islands in connecdou with tlie account of our collecting activities. 
The vegetation there is largely the eama as on Okinawa, with but 
minor variadonSi The agriculture differs a little. For example, 
though both rice and sweetpotatoes arc grown on Yonaguni Island, 
the purposes are different. Tlie people are said to eat the rice and 
feed the sweetpotatoes to the pigs* whei^as on Iriomote they are said to 
eat the sweetpotatoes and export the rice for needed cash. In Yona¬ 
guni we saw much grazing, especially above certain sea cliffs. The 
animals—cattle, horses, and goats—are confined by thorny hedges of 
American agave, and other plants with repelling spines^ 

On Iriomote we found many mangrove swamps along the margins 
of tho estuaries (ph 10, upper). These reach out into die water and 
by their impeding roots cause tlie silt to settle. On tho landward 
side of tliese mangrove swaini>s may come Pandunu^ and other plants. 
These further stabilize and build up alluvial fiats at the bends and 
margins of these estuaries* Then man clears the forest and grows 
rice and other crops. From our headquarters in Shira-liama each 
morning we watched the people paddle in narrow canoes or row in 
larger boats upstream to tdl tlirir fields and return at uight wnth their 
harvest. One mangrove sAvamp we visited was the sandy bottom of 
a stream flowing into tho sea. There w^e found, besides the mangrove 
plants alroady mentioned, the characteristic shrub A^icennm TnartTia 
(VerbcnaeeaeJ (pL 10, lower) sending out long underground stems 
from which arise fiiigerlLke aerial breathing roots, reminiscent of the 
cypress knees of our southern sw'amps, Ttiere were also a semiclimb¬ 
ing vine in low dense clumps, (Leguminosac), 

the mangrove fern AcroHichmn aureum^ and the medium-sized, 
widespread, more or less poisonous tree Excoc^atia agulloc/ui (Eupbor- 
biaceae). Our most exciting mongrovo discovery^ however, was tlie 
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nipa paliU) Nipa fnitw^^sa, deep in a mniiy-clmnneled swamp at th« 
head of Hinai Bay on tlio north side of the island (pi. 6j lower)* This 
ia its most nortlierly known occuti'once. It has not been previously 
recorded from the EyukyuS| but^ as later learned^ Japanese botanists 
knew of its presence on another small island just south of Iriomote. 
It is not kiiown in FomioBa. Perhai>s these R3rukyu oconrrencea 
aro^ from drift from tlie Philippines carried in the Japan Current* 
w*hich does not touch Formosa, 

On tlie trip up the Uraudii River we collected or noted many man¬ 
groves along the shore with other trees commonly associated with 
them^ especially Ucriti^ra litt^ralia (Sterculiaceae) (pL 10^ center)^ 
a striking^ widespread^ light-barked tree^ so much sought for timber 
and so easily reached by boat that it is rather scarce todny^ end Bar- 
ringt&ma raceTn^sa (Bsrringtoniaceae)i whoso fulien white corollas 
with abundant long stamens floated past us on the ebbing tide. Here 
we found a single plant of pandanns with extra large and vicious 
thorns, growling along a shore thick with normally spiny pandanus 
plants* Elsewhere on this island wo found a pandanus plant with no 
thorns at all except at the bases of the terminal delicate white leaves^ 
which were still unopened and unexposed to the light. Thus tlie vari¬ 
ability in this widespread littoral plant gives problems for future 
taxonomists and perhaps material for a wide range of economic uses. 
As we progressed farther up this stream the mangroves dropped out 
and the drier-land woody vegetation overliung the banka, such as 
banyans with buttitsssed bases; the Chiimberry or piide-of-Indiai 
Melia asddarach (Mcliac*cue), probably brought in and planted at some 
settlcr^s hut and now escaped and growing in more open places; 
A/maranffa tanarhis (Euphorhiaceae) * Dendr^p^^n^j^c iri^m-otensis (or 
Tc^oria irioniotemis) and S?i^.0era {or Intvhu- 

emc^ fi3 it has been called by Japanese botanists) (Araliaceae); 
tree ferns; the Japanese snowbelh Styrasi japom 4 :<^ (Styracaceae); 
the native pnlm Aren^a ; and even a rcd-flowered rhododen- 

droHj RAcdodendr&ji eri^carpum (Ericaceae) ^ still in bloom though it 
was mid-Augu^. 

As in Okinawa, the most significant plants of Irioinote are tliose 
that comprise the widespread dense evergreen forests^ especially mem¬ 
bers of the oukSf the laurel, the tea, and the ebony fanuUcs (pL 0, 
left)* These have been given considerable attention by foresters 
and lumbermen. The United States Army has prep^ircd seta of 
wood samples from timbers cut in these forests during lumbering 
operations soon after die ware end. 

Of Ishigaki Island little more need bo said, A striking contrast 
to the coarse, unkempt bunch grass {A/t^c^Titk^ ^&fidulus) covering 
hills of southern Okinawa was the smooth grassy appearance of the 
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hills and valleys of the i^astern side of this island (pi- 9j center and 
louver)» The grsss, though mi^&edt seemed predominantly cogon grass 
( fmperata eylindrim var^ , though it was not then (early Sep¬ 

tember) in hloom. It was reported that Okinawa before the war 
bore the saine aspeot. Thus it seems that is a first invader 

of disturbed areas and that tl^e cliumed-up battlefields gave it a 
start, in Okinawa, We know tlie vegetiition will change little by 
little. But will fields of Impcrata (n/Undirica and other more gentle- 
appearing grasses replace this rank growth in the course of sue- 
cession and Okinawa take on the beauty of Ishigaki! Only time will 
tell. It may, however, be said, w'itli no clement of donbti that the 
Ryukyiis are full of interesting plant problems and ever will be, 

THE FUTURE 

The 1D51 SIEI botanical program was primarily concerned with 
determining the species of plants which occur in the Eyukyus* The 
task is not yet complete., but we arc now in a better position to deal 
with the perhaps more glaringly urgent probleiuB of economic botany 
in these islands. Likewise the ecological study of the various plant 
formations, especially of tlie economically productive forests and graz- 
able grasslands, can now be undertaken with more promise of scientific 
accuracy and completeness, because we know better the plants of 
which these formations are composed- Programs for plant intro¬ 
duction (7) and for establishing plant quarantine lawa should mate- 
rially benefit from tlie Flora of Okinawa and from the steadily increas¬ 
ing reference collection of plojit specimens that will support a fu¬ 
ture revision of this work. It b hoped tlint from the I^lom of Okinawa 
by the three Okinawans there may come not only works by w^cstemers, 
such as the ^^Important Trees of the Ryukyu Islands^* now in press 
but also many more pubUcations by Okinawans {8^ 9} and 
Japanese, on other vital subjects, such as the gras^, the weeds, the 
shrubs, the ferns, and many others, 
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Bromeliad Malaria 


Bjr Lyman B, Sir[TH 
&f U, S. National Museum 


[Wltb £ pl4tt«Pl 

IfAiARiA is m extremely complex diseasa, controlled by a eeries of 
Tariftblea; The first variable is the protozoan irhlch ia 

the cause of malaria. This orijanism has a life cycle alternating be¬ 
tween some species of vetebrate animal and a mosquito^ It consists 
of seyenil species^ four of whk-li occur in man. These four differ in 
their relation to climate as well as m the symptoins that they produce 
and in their response to treatment Since they hardly ever produce 
immunity beyond one of their numerous regional strains^ tie strictly 
clinical problem is excesi vely complex in itselL 

The anopheline mosfiuitoea^ which cnirr human malnria, are a 
greater variable^ with numerous species differing widely in their habits 
and relati on to enTironment, The usual method of controlling m filari a 
is by elimination of the mosquito carrier^ hut first the species involved 
must be identified, since they vary greatly in habitati and it Is im¬ 
practical if not impossible, to kill all the mosquitoca. For instance 
some mosquitoes enter houses freely and can be dealt with by DDT 
(dichlor diphenyl trichlorethane) in the adult stage, while others bite 
only out of doors and must be killed as larvae, Tlio investigator must 
also consider three other factors in looking for a mosquito that is a 
carrier: anthropophily or its taste for man, its numberg, and Sts sus¬ 
ceptibility to mEilaria (Raehou and Ferreira, 1017), the final proof 
being the diseoveiy of the malaria organism in mosquitoes of the 
suspected species. 

All mosquitoes are alike in speudiug their larval stage in the water, 
and in many instances they have been controlled by draining swampy 
areas and by oiling small bodies of water or adding fish to them, Ttow- 
ever, the mosquitoes of the subgenus Kerte^zia breed in bodies of wa¬ 
ter too munerous and inaecesaible for the usunl control techniquB. 
They have adapted themselves to development m the tanks of differ- 
BTit species of Bnomeli aeeae. 
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Tile term ^Tjromeiiad mebna^* been coined (Downs and Pitten- 
dri^h, 1!>46) to coTer Ibis situation^ and it is hard to see how it can be 
improved, althoii^jh the hromeliad is neither di^ase, carrier^ nor ho&t. 
It is tlie host of the carrier and thereby adds another set of variables 
to the stnd j of malitria. 

There are about specie of Bromeliaceae, all hut one being 
natives of the New World. They are almost exclusively herbs, and 
the more primitive types are terrestrial and store water only in the tis¬ 
sues in the manner with which we are familiar. However^ the more 
advanced types have adapted themselves to life above ground. They 
are not paraaitk hut are capable of living indepNCndentlj on bare rock^ 
trees, and even telegraph wires* This they have accomplished by two 
tyjies of development* In one the narrow leaves have developed a 
dense scaly covering that soaks up water like n blotter and then trans¬ 
mits it to tlie tissues within. In the other the broad flat leaves overlap 
in a watertight spiral forming a tank (pL X), According to the si>e“ 
cies, the tank may hold a thimbleful to over n gallon of water. 

Like the entomologist, the botanist has the problem of identifying 
species and determining their habits in order to discover their impor¬ 
tance in the spread of malaria. The types of bromcliads without 
tanks do not enter the question of malrtria, but there are several hun¬ 
dred species with tanks that must bo taken into account* Of these 
tlie rarer in any given region may be ignored, as Pittendrigli has shown 
(I950c) that it is the frequency of a species rather than the size of its 
tank that determines its importance in the spread of malaria. Other 
factora are the sha|>e of the tank and the habitat of the epeciea. Tanks 
with narrow openings harbor few or no mosquito lar^^ac^ wliile those 
with broad tops hold many (Downs and Pittendrigh, 1&46). Both 
mosquitoes and bromeliads have height ranges in the for^. In order 
to he effective in malaria spread a hromeliad must have the snme 
Iieight range as some mosquito that is a carrier. Again suspicions 
must be vnrified, this time by a careful census of the different species 
of mosquito larvae found in the hromeliad tanks. Finally, although 
the hromeliad is not a parasite, it doiss show a preference in treea, or 
rather it finds it easier to secure a perch on some species than on 
others, and thereby adds yet another variable to the over-all problem* 

In fact the whole cycle of malaria is so complex and presents so 
many vulnerable spots, that the surprising thing is that it survives 
at all ^ and yet it is one of the mo$t successful of all diseai^ organisms. 
Another surprise is that bromcHad malaria with all its additional 
complexities was understood almost as early as the commoner tjqjCi 

TITE DISCOVERY OF BRDMEllAD MALARIA 

In 180T Rotuild Eoss in IndU demonstrated that malaria is carried 
by mosquitoes. In 1808, Adolpho Lutz, who was to gain fame later as 
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tL conqueror of jcUow fercr in Brazil^ was sent to investigate cases of 
malaria tliafc were developing among construction crews on tlie new 
Sao Paiilo^to-Santos railroad line (Lutz, Ifl&O). Now malaria lias 
generally been associated with marshy regions^ but this epidemic was 
in the construction camps cut out of the virgin forest on the precipitous 
seaward slopes of the Serra do Cubatao where the water ran off as 
fast as it fell. 

Lutz had the ausplciou that some blood sucking insect was respon¬ 
sible, and one evening in camp he noticed a small mosquito (diwjpAfiiet 
orwsw) that lost no time in hovering around but attacked with great 
speed and voracity. Later he was pleased to find that anopheline 
mosquitoes arc carriers of malaria and that ha had been correct in sus* 
pecting this speciesL 

The nest question was where could a mosquito breed in such a com¬ 
pletely drained area. In his travels Lutz had observed various groups 
of plants tliat held water in their leaves, and he was familiar with 
the work of Fritz Mueller, tlio Santa Catarina naturalist who had 
studied the different forms of life found in bromelmd tanks. After 
considerable fruitless search, Lutz found bromeliads containing larvae 
of the mosquito in. question, and in 1903 he published his findings in 
a paper entitled ‘^Waldinosquitos and Wa 1dmnlaria.” 

The first reaction to Lutzes story of hromeliad malaria was one of 
almost complete incredulity. Other scientists pointed out how diffi¬ 
cult it would be for such a typo of nmkria to attack humans, and the 
complex sot of conditions that would be necessary for an epidemic to 
start. For one thing, any mosquito, to carry malaria, roust first bite 
an Infected maiXj then survive against all its natural enemies for sev¬ 
eral days while the malaria cycle followed its course, and aftsr that 
bite an uninfected man* It seemed highly improbable that a forest 
mosquito ’would have the opportunity for the repeated biting necc^ary 
to carry malaria (Kuab, 191S). Nevertheless, over the years opinion 
swung more and more to LnU’s views as evidence In hb favor accumu¬ 
lated* Then it was suddenly discovered that the supposedly impossible 
chain of circumstancea had produced a persistent (endemic, in medical 
language) plague of bromeliad malaria in two widely separated 
regions, the Island of Trinidad in the British West Indies, and the 
state of Santa Catarina in southern Brazil 

bromeliad malaria in TRINIDAD 

The malaria problem in Trinidad made a strong contrast to the 
situation originally studied by Lutz, for being on relatively level 
ground the possibility of swamp-breeding mosquitoes could not be 
ruled out at the start (Downs and Pittendrigh, 1046). When, in 1942, 
the pFincipal carrier was defitiitely identified as Awo-pAefOi 
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a bromiiliad breederj the factors of the mfestation became evident. 
Later some interesting obsecrations by Pittendrigh (Dowoa and 
Pittendrighj l&46j 1949; Pittetidrighj 1950a) showed why bdJator was 
mainly raspoiiBible, The climate in the forest varies regularly from 
tlie ground to the treetops and plant and snimal life is zoned accord¬ 
ingly» A mosquito species like Anopheles homunculus that breeds 
near the ground finds few hromeliads so that its numbers are relatively 
small, and outside conditions are such a contrast to its constantly 
dark and moist habitat that it loaves the forest only under extremely 
humid conditional A, hellotor^ on the otls.er handip is concentrated 
near the top of the forest where the great mass of bromeliads offers 
excellent brcecling grounds;, Tlie dry sunny climate offers less con¬ 
trast to nonforest areas and consequently heUator leaves the forest 
readily to attack man (fig. 1). 

The center of the infestation was In the cacao plantations, the back¬ 
bone of Trinidad agriculture, so tliat this time man had brought the 
forest and its mosquitoes to him rather than entering it, like the men 
in Lutz'3 studies. Cacao planting in Trinidad mvolvcd setting alter¬ 
nate row^ of cacao and quick-growing immortelles {^rpthrina glauca 
and E* po^ppigiano)^ the latter to give the cacao plants necessary 
shade. Bromeliads from the nearby forests invaded tlto plantations 
like weeds and found particularly favorable perches on the immor¬ 
telles, covering tliem in profusion* With the bromeliads came swarms 
of mosquitoes that until now had been too remote in the forests to 
act as carriers. However, in the plantations they came in contact 
with the workers living there and the di^se shortly developed to 
crippling proportions. 

Local health authorities and the scientists of the Eodeef eller Founda¬ 
tion set out to control the disease and soon found tliat previous experi¬ 
ence with malaria was of little help. The usual ditching and draining 
procedure was completely useless against a carrier that bred above 
ground. Cutting down the trees would have solved the health problem 
but would have been economically ruinous. 

In Trinidad, belliitor spends little time in houses (Downs and 
Pittendrigh, 194C), so it had to be cHminated in its natural habitat 
and the best way appeared to be by removing its bromeliad breeding 
plocea. Given the short flight range of the mosquito, it seemed possible 
to protect tlio cacao workers by clearing the bromeliads from the 
plantations by hand* Crews w^ent to work pulling the bromeliads off 
the triwa, but it ivas soon evident that progress was too slow to make 
appreciable headway against the disease. Meantime studies of the 
bromeliads had siiown tliat even the commonest species differed 
greatly in their receptivity to mosquitoes. Grauma a^ilega and 
Aechmea nudicaults were of almost identical frequency, yet tho 
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former, with a broadly futiael-shaped tank, averaged 00 timea ns 
ninny mosquito larvae per plant as the latter with its slender-necked 
vase (Downs and Pittendrigh, 1946). However, before this knowl¬ 
edge could be used in a more selective form of removing hromeliads, 
the breaking of the brittle limbs of the immortelles caused several 
nc cident-s, so that this line of attack had to be abandoned and another 
sought. 

The second attack was along chemical lines and proved successful. 
Because of the peculiar structure of the epiphytic bromeliads it was 
posaiblo to kill them without injuring the trees on which they grew. 
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TLe bromelmdR absorb salts through the leaves instead of through 
the roots, like nearly all other plants. Thus they receive a tnajtimum 
effect from any poison sprayed on them, while the tree roots are 
protected by the soil which neutmlizes the chemical before it can 
reach them. The successful tischnique involved a 2-percent copper^ 
sulfate solution applied with the same spraying equipment used in 
New England forests against gypsy moths. The pumps were moved 
along roads and lines of hose run from them to reach all parts of the 
plantotioaSj the regular arrangement of the trees greatly facilitating 
the operation. 

Although the killing of the broineliads by chemical spray was suc¬ 
cessful in controlling the disease, ultimately it would have to be 
repeated unles the system of cacao cultivation were changed. Fortu¬ 
nately! other centers of cacao production have developed a system of 
close-planting the cacao trees to furnish their own slvade and using 
other trees as windbreaks only^ It has the additional advantage that 
the trees in the windbreak can be of a kind, such as the mango, that 
ia not only of value in itself but also is less favorabla to bromeliad 
growth. By converting to this system as new plantings are made, 
Trinidad can be permanently freed from bromeliad malaria. 

BRQMELIAD MALARIA IN SANTA CATARINA 

The intensification of malaria in Santa Catarina closely followed 
that in Trinidad but was quite different in character^ The area and 
population involved were much larger and more diverse, making a 
single solution of tlie problem impossible- This region comprises the 
seaward slope of southern Paranli! Santa Catarina, and c^ttreme 
northern Bio Grande do Siil (fig. 2). The five municipios in Parana 
and the two in Kio Grande do Snl are relatively insignificant parts 
of their states with a population of 60,000 and 22,000, respectively. 
In Santa Catarina, however, the drainage divide formed by the crests 
of tlie Serra Gcral and the Serra do Mar swinga deeply inland 
making n seaward slope 100 mika wide, and on this slope are 20 
municipios with a population of some 829,000 representing the great 
majority of the agricultural population and practically all of the 
vigorous industrial ^stem (Pinotti, Eachou, and Ferreioj 1947). 

The area, although broader, ia similar to the coastal s1ai>es of 
Sao Paulo where Lutz made the original discovery of bromelmd 
malaria. Erosion has reached the maturity stnfiC! with V-shaped 
valleys and sharp ridges giving a very rapid run-off to mins except 
for the retaining action of forests and small swampy areas by rivers 
or close to the sea. Most of the cities and towns are pack^ tight 
at the bottom of the valleys, whose abrupt sides until recently w^ere 
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corercd with deose forest with a. profusioia of bromehads teemiog 
with mosquitoes. Afl a consequence, Tnakria has been entrenched in 
the state and at intervals has reached great proportions. 



fUO GMJMSX. DO 5UU 

^ ai> 

Figuu 2.—DtBtribulMO of bfomdtid loal^s In •ontbciB Bra^. (Aftw Pinoiti, Rscbooi 

and Feneirt.} 

From the time of Lutz there has been a steady growth in malarial 
research in Brazil there have been some notable victori^ in its 
couqucst such as the complete eradication of gambit after 

its accidental introduction from Africa led to a severe epidemic in 
the Bortlieast. In 1041 the Brazilian Government raised the fight 
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agfiiDst malaria to the national by tha foramtion of tho Servi^o 
Xacional da Malaria, with iKrio Pinotti as director. The Eock** 
feller Foundation^ with its strong intereist in the wocrld-wide control 
of naakria, has been cooperating in the Brazilian campaigns both be¬ 
fore and after tho organization of the Servi^o Nacional. 

The recent upsurge of malaria in Santa Catarina began about the 
time that the Servian Nacional do Malaria was organized. It was 
particularly had in the cid^ and pressure was strong for the local 
branch of the Service to do something quickly. Drainage campaignsi 
had been very successful in other parts of Brazil, so drainage was 
tried around scverul cities before there was time for investigation of 
the causes of the disease. 

Fortunately, the Sorvigo had been busy meanwhik in vest igniting 
the mosquito carriers, and soon discovered that the malaria in Santa 
Catarina and adjoining areas was wholly of the bromelmd type* 
Three species of mosquitoes were identified hs carriers, 
bellator^ and h.&muncuh£3^ each wdth different habits and cov¬ 

ering a different area (Pinotti, Rachou, and Feireiro, 1047), It is 
interesting to note, however, that all were found in houses in large 
numbers, in contrast to the behavior of beH^tor in Trinidad. 

Having located the breeding places of the malaria carriers the nert 
problem was how to eradicate them. Owners of forest land wore 
loath to have the value of their property destroyed, so at first a 
program of hand removal of bromeliads was tried, Tliis program 
ran into the same difilciitties encountered in Trinidad except that they 
were generally worse on account of the taller forest. One exception 
should bo noted, the city of Florinndpolis, where hand removal made 
significant progi^ess against malaria because of the location of the 
majority of the bromeliads on tlie ground. However, It soon became 
evident that the w'hole program, although pointed in the right direc¬ 
tion, was quite inadequate to deal with the disease and it was 
abandoned. 

The situation now was desperate* Cities such as Brusque had so 
many workers ill that industries were preparing to move out bodily^ 
Schools were hard hit also i two-thirda of the students of the Semi- 
nario de Azumbuja were ho^italized at one timOp The only alter¬ 
native was to deforest a bolt around the cities, and this the Servi^ 
proceeded to do under tJio direction of Milrio Ferreira. PittendrigH 
was called in to help formulate tlie plans and give the benefit of h^is 
experience in Trinidad (Ferreira, Ifi-lS)* 

The major part of the deforestation program required 3 yoat^ but 
by the end of the first year there bad been a sharp drop in the in¬ 
cidence of malaria* In the end, Uie program w*as a success, witlv 
malaria virtu ally eliminated from the cities* Enrly in 1&52 I spent 
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u month in Brusque with neitlicr screens on my bedroom windows nor 
net over my bed, and I found it very difficult to realize that only a 
few years ago my hosts of the Seminario de Azambuja had been ou 
the point of moving out completely and abandoning their buildings. 

As newer techniques of control have appeared, there has been 
considerable argument on the value and necessity of deforestation. 
Ou one score, though, there can be no argument: deforestation was 
the only means at the time and it was used very effectively, '^le 
principle of deforestation was dmple. It sufficed to destroy breeding 
places for AmtpheUi as far as the nearest ridge crest, or rarely to 
the second if that were considerably higher (Ferreira, Kachou, and 
Limn, 1951). Again Azambujft is a gonod example, for there one 
can walk up over the ridge behind the Seminario and down tlie other 
side into forest and find a supply of mosquitoes sufficient to keep one 
fully occupied.* 

Deforestation caused con^derablo hardship for landownere because 
the emergency did not allow time to lumber the forest properly, md 
many of the trees were a complete loss. The tcchniquca of using 
DDT against the adult mosquito, aralen against the disease organism 
in man, and herbicide sproys against the bromeliads all have the 
advantage of leaving the forests intact, yet probably deforestation la 
still the best technique for protecting the cities. Herbicide spray has 
not developed sufficient range to cover any but the low forests along 
the coast, and DDT and aralen require coistant reapplication in cities, 
while belts of deforestation can be maintained and even made a greater 
source of profit to tlic owners than the original forest. The gentler 
slopes can be turned into pasture or vegetable garden and the «main- 
der planted to Mimova and Eweilyplut with tlie help of the bervico 
Florestal. Mtm&sa can be cut and sold for firewooil in a few years 
before the alow-growing bromeliads can become established. 
Ertcalypht* requires a longer time before it is ready to be cut, but 
its berk peels away constantly giving epiphytes no chance to establish 
themselves. The planted forest has the additional advantage of being 
a pure stand ao tliat it can be lumbered much more efficiently at ma¬ 
turity than can the diverse original forest. The city of Brusque has 
voluntarily become a test case for deforestation by using that method 
alone and dispensing witli tlie other means of protection. For over 5 
years now deforestation has been sufficient. 

However, as has been noted befoio, tliero was no universal solution 
to the problem in Santa Catarina. Defore^ition worked in ^e 
city areas, but it was clearly impractical, if not impossible, for 
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small settlemeuts and isolated farmhouses, Tho amount of de¬ 
forestation necessary to protect one farmhouse would be tlve equiv¬ 
alent of what would protect scores of houses in a city area. The cost 
would increase astronotriicully. There is also tho strong probability 
that further deforestr&tion would have an adverse affect on the water 
supply, 

Li 1945 Finotti imported a small amount of DDT and began 
experiments in mosquito control with it. By 1947 he was able to 
undertake a program for all Brazil, and by 1949 3 million houses 
a year were being treated. Thus ns the cities in Santa Catarina 
come under control and the campaign shifted to the country districts, 
a technique was ready to apply to the new problem. 

By itself DDT was not a complete solution since its use in the 
forest did not prove practical (Ferreira and Kachou, 1949). On the 
other hand, detailed investigation allowed that the mosquito carriers 
in Santa Catarina were higtily domesticated and preferred to dine 
indoors and at night (Rachou and Lime, 195D), Further research 
showed that they had a strong preference for resting on the walb ut 
certain levels. They even tended to distinguish between light and 
dark bands. These peculiaritiesplus the regional cli mate were a great 
help to tile DDT campaign. The spray had to he applied only to 
the upper part of tiic walb indoors and only once a year, because its 
6 months’ duration covered the rainy season aod the mo&qulioes were 
not a problem in the dry season. 

The rural campaign was actually a double campaign because orulen 
was used against the malaria in its human hosts at the same time 
that DDT was used against the mosquitoes. The Brazilian Govern¬ 
ment bought a large supply of aralen, a drug that has brgely suc¬ 
ceeded the atabrine that w'qs used against malaria in World War II. 
Clinics were estabibhed in all the munidpios involved in bromeliad 
malaria and aralen adniinistered to all persons who showed symptoms. 

Probably it will never be possible to evaluate the effects of DDT 
and aralen separately, but tlie combination was eminently successful. 
Either the malaria organism lacked mosquitos to carry it or the 
mosquitoes lacked malaria to carry. In either event the cycle was 
broken and the rural areas came under control like the cities. 

One other typo of control sliould be noted, that of herbicide sprays. 
So far, this method, which provided complete control in Trinidad, 
has been impractictil escept in the low coastal forest around cities 
like Sao Francisco (Veloso, Keto, and Chamarelli, in preparation). 
Even liere a now technique was necessary because there were not 
enough roads to carry wheeled pumps within striking distance of 
all the forest area. Instead the Servi^ crews cut trails and widened 
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them at suitable intervals to provide room for pumping gtatioos. 
Tanks were mode by assembling; movable sections and lining tbein 
with ciinvas (pL 2j fig. 1)* Water wm pumped into the tanks from 
the nearest watercourse and copper-sulfate powder added. 1 he pump^ 
were then reversed to spray the surrounding forest (pb 9^ fig- 2). 

The value of herbicide control in Santa Catarina to da to has not 
been so great as that of the other methodsj but if it can be improved 
it promises fo have ceidain advantages* It saves tiie trees, since only 
ibe epiphytes are killed, and thus it hag a great economic advantage 
over deforestation. Owing to the slow recovery of the bromeliads, 
herbicide does not need to be applied oftener than every 5 years 
where DDT needs yearly application. 

COISHNUAnON OF CONTROL AND SESEARCH 

At present Santa Catarina is freer from malaria than at any 
time in recent history. However, the people of the Service Nacional 
de Maliria realize that what they have achieved is control and not 
eradication. As Hachou has pointed out (1051), eradication is pos¬ 
sible only when the campaign can he carried out on all sides to 
strong natural barriers such ns the shores of an island. On the other 
hand control, once established, can be made more and more efficient 
by continued researdL 

With this idea in mind, Pinotti set up a malaria research labora¬ 
tory in Brusque in 1049 under the ecologist Henrique P. Veloso. The 
laboratory was equipped to study bromeliad malaria from all possible 
angles. Field crews liave mode a succession of surreys of the brome¬ 
liad population of the forests and of tlie mosquito population of the 
bromoliads. A card has been made out for each bromeliad listing 30 
items of information, including the species of tree on which it grew, 
the species of the bromeliad, its height from the ground, die amount 
and temperature of the water iii its tank, and the number and species 
of mosquito larvae in tli-e water. To date 130,000 individual brome- 
liads from SOO localities have been studied and their importance as 
mosquito breeders evaluated {Vdoso, in press), with the aim of 
making tlio attack more selective, more efficient, and consequently less 
expensive. 

With the help of Padm Baulino Eeit^ss, director of the Herbario 
Barbosa Eodrigues, a thorough systematic and ecological study of 
the bromcliads has been made and an illustrated monograph of all 
the Santa Catarina species has been prepared (Eeitz, in preparation). 
1 have contributed keys for the identification of such material (Smith, 
lO&O) until more detailed works are ready, and have correlated all 
the ^ta Catarina collections with those already in the Smithsonian 
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Institution, A duplicAt« senes is on file here for the use of American 
in7estigators. It is now possible, by correlation with mosquito data, 
to distinguish potentially dangerous bromeliad populations from 
harmless ones. 

A furtlier refinement in control is the ecological study of the rela¬ 
tion between the hromeliads and the trees upon which they perch. 
Veloso has accnnuilatcd the ecological data and ia waiting while var¬ 
ious systematic botaiusts, including myself, complete the identifica¬ 
tion of his trees. Until now Veloso has assembled data by iwing 
numbers and local popular names to designate bis species. When 
complete, this report will help determine which types of forest are 
most rapidly invaded by bromeliads and where controls will need to 
be reapplied soonest, and its scientific nam^ will make the information 
usable outside Santa Catarina should bromeliad malaria appear else¬ 
where in tropical America. 

Studies of the mosquitoes will show at what height in the forest 
the princii>al carriers breed, and in turn prove whether it is necessary 
to reach all the forest or only certain levels when using herbicide^ 

Herbicide control technique has been the main research in the 
Brusque laboratory. To date, a way of controlling the low coastal 
forest has been found, but the laboratory ia still experimenting to 
find a way to reach the high forest which predominates farther 
inland. Spraying froin the ground does not reach the bromeliads 
in the tops of the highest trees effectively, and so far spraying from 
planes has been equally futile. 

Ottis R. Causey, representative of the Rockefeller Foundadon in 
Brazil, has developed a telescoped pole whicli is elevated by compressed 
air. It can be used to elevate tlie nozzle to the level of high trees 
and ia capable of spraying bromeliads individually. In combination 
with ground spray for the lower levels it might provide ibo means 
for controlling some of the interior forests, but there has not been 
time to test it thoroughly yet. 

At the same time the Servi^o Naclonal de Mal&ria has been study- 
i iig the data aceumulated during the campaign with interesting results. 
Table 1, compiled from unpublished data, shows comparative statis¬ 
tics for five of the cities that were cleared of malaria. Note that 
Floriandpolis controlled malnria by band removal of bromeliads and 
tliat Bnisque succeeded with deforestation. Blutnenau and Join- 
vile used DDT in houses in addition to deforestation, and Itacorobf 
used only DDT in houses from 104S on. Constant comparisons of 
the effectiveness and cost of these operations will point the way to 
furtlier control or their adaption to figh t possible epidemics elsewhere. 
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Tabi£ L— and laial cbim af malaria in looaUti^^ of Santo CsEi^'nfl, 
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Thu iMFETns given to the search for new antibiotics after the dia- 
covery of tyrotliridn by Dubos in 1D30 and the development of peni¬ 
cillin during World War II has resulted in the reporting of literally 
hundreds of new and untried antimicrobial substances. Thera has 
been compiled recently a dictionary of tlicse substances in which are 
listed some thousands of antibiotica and, because of the large number 
of screening programs in progress, their number is increasing. It is 
significant, however, that of these thousands of antimicrobial sub¬ 
stances less than ten have been found to be useful in the treatment 
of human or animal diseasesL 

The pharmacological study of a new antibiotic is usually not a 
simple one, particularly if the agent is impure. It will be remembered 
that both penicillin and streptomycin when first used clinically were 
relatively crude drugs, much more so in tlie case of penicillin than 
streptomycin. As a result, some of the toxicity first attributed to 
penicillin, such as irritation on injection and damage to nerve tissue, 
could not be immediately assigned to the pure crystalUne substance 
per se. The purification of panicillin revealed that intramuscular 
Irritation was related to purity while toxicity for nerve ti^ue was in¬ 
herent in the drug itsell At the present time it is difficult, if not 
impossible, to determine whether the nephrotoxicity of bacitracin 
and neomycin is due to impurities or whether it ia a quality inherent 
in the drugs UiemBelves, though it appears that the latter is the coae^ 
The **broad spectrum” antibiotics—aureomycin, chloramphenicol, and 
tcrramycin—are crj^staJline drugs which contain few if any imptirU 
tiea. Thus any toxicity demonstrated for them can be attributed to 
the drugs tliemselves. It is perhaps unfortunate that, because of the 
need, it was necessary to use penicillin and streptomycin prior to their 
purificadon to the crystallifie state* However, the progjrcss made in 

^aeprintrd permLialon froffl tbn Jonrdll of tha HirtfriT ^ Siedictnc and AlIM 
vfliU 0, iSaJ, 
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tha antibiotics field during the past 10 years has been such that it is 
relatively unlikely that in the future Tve shall be required to determine 
the pharmacoiugy of, or to use^ many new antibiotics which have not 
been purified- In the following discussion of the pharmacology of 
antibiotics, only those chemotherapeutic substances that are currently 
in use will be discussed, keeping in mind that the pharmacology of 
some was determined on the impure drug^ while others were studied in 
the pure st ate. 

TYROTITRICIN 

The tyrothricin available commercially consists of an impuie de¬ 
fatted mixture containing approxiniately 20 percent gramicidin and 
fiO percent tyroddine. Tyrothricin, gramicidin, and tyrocidine are 
highly active poisons. Both tyrothricin and tyrocidine hemolyste 
erythrocytes. Qramacidln has been shown to bo hemolytic as well, 
hut its action is delayed and the lytic activity of tyrothricin is usually 
ascribed to its tyrocidine con ten tp The lyals caused by tyrocidine is 
prevented by the piresence of scrum. Gramicidin is more to.vic than 
tyrocidine for cells in general, itnd the cytotoxicity of tyrothriciu ia 
largely due to its gramicidin content. 

Injection of small amounts of these drugs in animals by the intra¬ 
venous, intramuscular, intraperitoneal, or subcutAneous routes invari¬ 
ably causes death in a relatively sliort tlmop Death is apparently due 
to respiratory failure since the heart may continue to b^t for some 
time after breathing ceas®. Animals dying niter lotlml doses of 
these drugs show nonspecific degenErative changes. Acute conges¬ 
tion of the lungs and abdominal viscera, petechial bemorihages of 
lungs, kidney, and myocardium, and difTuse hemorrhages of the spleen 
luLvo been reported. Hi^opathological examination usually shows 
fatty degeneration of the liver with necrosis, cloudy swelling of the 
tubular epithelium of the kidney, and heuiorriiago of the glomeruIL 
Orally tyrocidine and gramicidin are of relatively low toxicity. 

In man, no oppreciablo toxicity of tyrothricin lias been report^ fol¬ 
lowing local application^ During the past 2 years, increased com- 
tuercial availability of tyrothricin preparations has emphasized tlie 
need for cautioiia use of this drug* Following its use as nose drops 
with Or without a vasoconstrictor, both parosmia and anosmia may 
occur. I^fore serious, however, is tlie i>ossihility of chemical menin¬ 
gitis following the use of solutioris of tyrotiiricin for irrigation of 
Cavities near the subarachnoid space. Fatal chemical meningitis has 
bwn reported after such use of tyroth ricin solutions. Fol lowing injeo- 
tion of 1 ce. of 1 1 1,000 tyrothricin in alcohol into the eisterna magna 
of dog^ death occurred immediately or within a few hours in 50 per¬ 
cent of the animals so treated^ The pathological process in the surviv¬ 
ing animals was consistent with acute purulent cbomical mcningitia. 
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Tlie final picture in tliosc animals trhich survived revealed gross and 
microscopical thickening of tlie leptomcnmgcs with or without hydro¬ 
cephalus. Odo animal was observed to have a fully developed hydro' 
cephalus involving all vcntriclea. 

The observatioiiB in patients, together with the reproduction of the 
pathoI<^ica) processes in animal^ indicate that tyrotkricin solutions 
should not be used for the irrigation of sinus cavities in close pro]cim- 
ity to the subarachnoid spaces and emphasis again the inherent 
toiicily of this drug, 

PENICTLIJN 

Penicillin is by fnr the most widely employed of tlte antibiotics now 
available to the general practitioner and in many of the bacterial 
infections it remains the drug of dioioe. The tosicity of pencillin was 
shown early to be extremely low and, in general^ the impressions 
gained at that time have been borne out in the extensive use of this 
drug* The original studies showed tlvat even with relatively crude 
preparations there was little to indicate contraindication to its use 
in man. Further studies substantially confitmed the fact that crude 
fimorphous penicillin had little^ it any, true toxicity, although an. 
occasional sensitization occurred with this materiaL As early as 
19^14, at which time only amorphous material was available, it was 
domonstrated that insofar as the calcium and sodium salts of penicillin 
were concerned, its acute to:Kicity appeared to be associated w'ith the 
cation rather than with penicillin per se* Later studies of the sodium^ 
lithium, ammoniuiQ, strontium, calcium, magnesium, and potassium 
salts showed conclusively tliat the toxicity of these penicillin salts was 
primarily associated with the cation. These studies were carried out 
witli penicillin salts that were not pure although their potencies were 
on the order of 1,000 units per mg. The apparent toxicity of peni¬ 
cillin decreased as the purity of coniiucrcial preparations improved. 
Therefore it is important in discussing the pharmacology of penicillin 
to give consideration to the fact that all the reports concerning toxicity 
made prior to the advent of crystalline peiucillin Q were based on 
amorphous penicilUn containing impurities, which may have been 
responsible for certain of the toxic effects ascribed to penicillin itself. 
It should be emphasized that the penidllin commercially available 
today is largely crystalline penicillin G- Amorphous penicillin is no 
longer produced. The prc^ntly manufactured penicillin approaches 
the theoretical potency—1,0G7 units of activity per mg* (GO mg, per 
100,000 units). 

One of the toxic effects observed with amori?hous penicillin, an 
abrupt rise in temperature following injection^ was due, witliout 
doubt, to pyrogenic impurities. The presence of these pyrogenic 
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siibstaDces in eatly commercial lots of penicillin resulted in specifica¬ 
tions by the Armed Forces, who during World War II procured all 
of this drugj which required animat tests to denionstrnte the absence 
of pyrogenic substances. Likewise, safety tests in mice were included 
to eliminate the possibility that chance ooutaminatiou with solvents 
and other materials might render the product harmful. 

The doses utilized, even in early clinical trials of penicillin, were 
relatively high and were n direct indication of tlie esttremely low 
toxicity of this drug. At the present time, doses as high as 100,000,000 
units dfiily of crystalline sodium or potassium i)enicillin G ai^e given 
wjtliout untoward effects. There is little or no pain following intra¬ 
muscular injection of crystalline penicillin. However, early lots of 
un>orphou3 iTCnicillin of low purity were quite painful on injection. 
As u matter of fact, there was a significant correlation between tlio 
purity (potency) of commercial sodium penicillin and irritation fol¬ 
lowing intramuscular mjectiom IfVith an increase in potency in units 
per mg,, there was a corresponding decrease in the pain produced. 

The early indications were that penicillin produced no serious toiic 
effect on the nervous system. However, there is no question now, that 
even with the pure crystahina drug, nerve tissue is vulnerable to its 
acUom Convulsions may follow intraventricular admiiiistratJon of 
penicillin in man and can bo induced in annuals by direct application 
of penicillin to tlie cerebral oortei. Neurological complications in 
patiouts wdth pneumooooeic meningitis have been noted after 
intrathecal administration of penicillin In these cases, neurological 
symptoms were manifest between the tenth and twenty-third day after 
the institution of therapy. Both motor and sensory disturbances were 
obson^ed although recovery was eventually complete. Peripheral 
neuritis has also been reported as a complication of intrathecal peuicil- 
Iin tlierapy, Loc^ilized peripheral neuritis with motor and sensory 
disturbances has been observed following intramuscular administra¬ 
tion of peniciBin, Recovery from tlxe neuritis occurs in most cfkses. 
Symptoms following intrathecal administration of penIcilUn, such 
as listl^ness, lieadadie, rinu^a, vomiting, respiratory difficulty, 
cyanosis, fall in blood pressure, thready pulse, and muscular twitch¬ 
ing, are apparently reduced or eliminated when the dosage is dimin¬ 
ished. This is particularly true if barbiturntes are used concomitantly 
with reduction in the dose. When 5,000 units of crystailino pcnicil- 
Jin are applied to the occipital cortex in human beings, no clinicfil or 
electroeiiceplmlographic abnormalities occur, whereas 20^000 unita 
of the same material produce definite encephaTographic changes. In¬ 
dications are that the intrathecal reactions are relat^ to the size of the 
dose rather than to the concentration, acidity, or alkalinity of the solu¬ 
tion used. The irritating effect of penicillifi on the central nervous 
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system can be diminished directly in proportion to the destmetion of 
the antibacterial properties of the drug. 

Tosic reactions to oral therapy with penicillin have been reported 
on numerous occasions. Black tongue or glossitiB may occur in 
patients treated with troches or with troches and spraysL Stomatitis 
following the use of penicillin as troches or by inhalation has been 
reported. There are other side effects resulting from penicillin 
therapy which may be classified as rather indefinite reactionSi. These 
include gastrointestinal disturbances, muscle cramp, fiushing of the 
skin, and headache. These reactions arc obserred not infrequently 
and some bavo been described as being allergic in nature. The 
toms are dilTicult to espltun but rarely, if ever, are they sufficiently 
severe to necessltfite withdrawal of the drug. One of the serious re¬ 
actions to penicillin in man is the Herxlieimer reaction in syphilis. 
This “therapeutic shock” presumably represents a xeaetiTatiort of the 
syphilitic process which sometimes follows the use of any potent anti¬ 
syphilitic drug. Tlie Heriheimcr reaction has followed the use of 
penicillin in both early and late sypbilb and alarming manifesta¬ 
tions may occur in cases of cardiovascular and ncuro^hiUs. Deatha 
have occurred presumably following Herxheimer reactions during the 
use of penicillin therapy in syphilis. Forttmately, tins occurs 
infrequently* 

Of more importance because of their possible universal oocurience 
are the allergic manifestations which may be observed following use 
of penicillin. The early belief tliat allergic reactions were connected 
esclusivelj witli the impurities id penicillin has been thoroughly dis¬ 
credited by the mass of data to the conti^ry- Undoubtedly the im¬ 
purities in amorphous penicillin increased the posibility of 
Sensitization, but the piu^ crystalline drug itself is quite capable of 
causing an allergic reaction in man. Sensitization with crystalline 
penicillin approximating the theoretical potency of 1,667 units per 
mg. may occur in individuals who have never had previous contact 
with the drug. About 5 percent of individuals exhibit a positive reac¬ 
tion of the tuberculin type to penicillin, despite the fact that they have 
not had previous contact with the drug- In addition to those indi¬ 
viduals who are sensitive on primary contact with penicillin, tliere is 
a group of ]>robabIy 10 percent of the population that may become 
Sensitive following brief or prolonged treatment. Certain individuals 
become sensitive following a few injections and others require many. 

Probably the most common reaction to penicillin is urticaria. This 
may vary from a ringlo or few transient erythematotis wheals to the 
diffuse massive plaques of angioneurotic edema which may be local¬ 
ized on the bands, lips^ eyelids, vulva^ or larynx. Epidermal hyper¬ 
sensitivity to penicillin ia more likely to occur following topical 
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application* The number of cases of contact dermatitis following 
topiCflil application of penicillin makes one question the Talne of this 
drug for local therapy. In addition to contact dermatitig, an Artbns 
type of reaction and a condition resembling serum sickness are en- 
countei'ed. Eeactions are ^n most frequently after topical applica¬ 
tion of the drug but similar reactions liaTO occuried following 
parenteral adminifitration after initial topical usc^ and after parenteral 
or oral administration only* In some instances, reactioDs occur after 
initial espogurc and in others after fnihsequent admimstratiou. In 
any case^ the increase in frequency of reactions observed following 
penicillin therapy indicates that local application of the drug should 
be used mth conBideruble caution* In addition, since bacitracin b as 
effective topically as x^enicillin, considEmtion should bo given to its 
use because of its low incidence of sensitization following application- 

Absoj-jitim and excre£i&n.—^\m pctnicillin is injected intraven- 
ously, concentration in the blood reaches a “peak” almost immediately* 
The concentration in the blood decreases rapidly and after a few 
hours littlej if any, can be detected by assay, although it may be de¬ 
tected in the uri ne for a longer period of time. The ]>eak concentration 
of penicillin following intravenous injection as well as the duration 
of blood concenti-ntions depends on the quantity of the dnig adminis¬ 
tered- Since the first clinical trials Avere made in this country, it has 
been customary to consider that a nmintained plasma concentration of 
unit per ml. or better is satisfactory for most penicillin-susceptible 
infections other than the most Bevere. This is an arbitrary figure and 
it was chosen primarily because of limitations of the bic^vssay method 
utilized for determining blood concentrations of penicillin in man. 
Obviously, some bacterial strains are inhibited by lower concentrations 
of the drug while others reqtiire consider ably higher ones to obtain 
the desired tlieraj^eutic result. Practically all the clinical evidence 
available on penicillin is based on a maintained plasma penicillin 
concentration and for genera! use this appears to be the most satisfac¬ 
tory procedure. There ig, however, both laboratory and clinical evi¬ 
dence that a continuous plasma concentration is not essential for good 
therapeutic results. 

After intramuscular injection, the highest penicillin concentration 
in the blood is reached usually within one-half hour with a slower 
fall than seen following intravenous administration. The peak con¬ 
centration of penicillin in the blood is not so high as would occur 
with the same dose given intraTeiioualy. For intramuscular injection, 
the intermittent method is most generally used although under certain 
exceptlonal circumstances the drug is given by continuous intramus- 
cnlar infusion. Subcutaneous infection is apt to be painful, and 
absorption is slow and uticertain. It has bc«n shown that radiooedve 
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peniciUiD, injected intramuSGijlariyj is not stored in tJse body but U 
quietly escreted as penicillin or penicillin-decomposition products. 

Early clinicat triab witli oral therapy were for the most part dis- 
appomting^ and it wa^ felt that this was due to inactivation of the 
drug by g^ric secretions- Daring recent years, several investigators 
have shown that the oral route is eflectivo for the treatment of many 
infections, provided sufficiently large doses ore administered at proper 
midmeal periods. It is generally accepted that approsimately five 
times as mudi peniclUiu is required orally os intramuscularly to obtain 
comparable plasma oonceutrations of the drug. These krge doses 
are necessary because of the mBctivating edect of gastric secretions 
and food, incomplete absorptionj and inactivation by penicillinase- 
producing bacleriA iu the intestinal tract. 

Penicillin may be administered by inhalation as an aerosol of finely 
micronized dust and by instillation in solution into the pleural, peri¬ 
cardial, peritoneal, or synovinl spaces. By these methods of mbninis- 
tration, a local or topical effect of tlie drug 13 obtained and although 
ahsori)tion may occur, it is erratic and unreliable where systemic 
therapy is needed. Soluble tablets of pencillin (containing nothing 
but the dmg) are available for sublingual uscj* Satisfactory absorp¬ 
tion by tills route has been reported and this mode of administration 
may have a place m the treatment of patients who have difficulty in 
swallowing the larger penicillin tablets. 

Diffusion of penicillin from the circulation into the tissues depends 
on the plasma concetitrations, and the diffusion into the tissues will 
proceed as long as the concentration of diffusible penicillin in the 
plasma exceeds that in the tissues. The drug diffuses readily from 
maternal to fetal blood and into die abdominal cavity. Some diffu¬ 
sion also occurs into the pleuml, pericardial, and synoviul fluids, and 
bile. Very little of the drug ijenetrates into abscess cavities, brain 
and nerve tissue^ bone, chambers of the eye, nor does it appear in any 
appreciable concentration in sweat, saliva, tears, or milk. Unless 
large doses are administered, very little diffusion into the cerebro¬ 
spinal fluid will occur except where the meninges ara iofiamed. 

As indicated above, after pfinicillin is absorbed most of it is rather 
rapidly excreted in tlie nrine. The renal clearance of crystalline 
penicillin G approximates the total renal plasma fiow% It is about 
four or five times greater tlian the renal clearance of inulin or sodium 
tliiosnlfate. As a matter of fact, Uie normal renal clearance of peni¬ 
cillin so closely approximates the renal plasma flow that it has been 
suggested as a possible substitute for pnra-aniinohippuric acid or 
diodrast as a test for reual plasma flow and renal function. The solu¬ 
ble salts of penicillin are excreted in the greatest amounts during tlio 
the first hour, but diminisliing quantities may bo found for several 
hours thereafter. 
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Becaixsa penicilliii is ahsorbed and enMieted rapidly^ numerous 
attempts were made to develop plxarmaceutiord forms of the so-called 
“repository types” which would allow a slow and more or less con¬ 
stant release of penicillin into the general circulation from a tissue 
depot The first of these was a suspension of penicillin in peanut oil 
and wax. With the development of procaine penicillin^ penicillin in 
oil and wax became less and less popular until at the present time 
practicaUy none is available oommerciallj* Procaine penicillin either 
in oil or in aqueous suspension is slowly absorbed from a tissue depot 
because of its insolubility. This drug bos a solubility of only O.bT 
percents Further prolongation of blood concentrations of procaine 
penicillin in oil is obtained by tlia addition of 2 percent aluminum 
monostearate. Tlie latter drug has been used in tremendous amounts 
during the past few years^ Obviously the addition of peanut oih 
sesame oil, beeaw^ox^ and other substances to penicillin increases the 
possibilities of sensitization. The occasional side reactions obtained 
with the so-called repository forms of penieillin, liowevetj have not 
mitigated against their use. 

In attempts to prolong the activity of pcnkillin in the body^ agents 
that compete with penicillin for the some renal excretory medianism 
have boon proposed, lliese agents, para-aminopiiippuric acid, dio- 
drast, and carinamide, act by retarding tlie excretion of penicillin^ thus 
prolonging its presence in tlie blood. Recently a new^ relatively 
nontoxic compound^ p-(di-N-propyisulfamyl)-benzoic acid* has been 
shown to mtard tiie excretion of pcnicillLii wuth a daily dose of 3.0 
grams (0.5 gram every 6 hours) to the some extent as a daily dose 
of 24 grams of carinamide (3 grama every 3 hours). This drug also 
delays the excretion of para-amitiosalicylic add, and because of this is 
uuder study in combination with para-aminosalicylic acid m the treat¬ 
ment of tuberculosis. 

STREPTOm^QN AND DIlTYDaOSTtlEnOMTCIN 

The speed with which streptomycin was demotistrated to bo an effec¬ 
tive weapou in the fight against infectious diseoEes was in part due to 
the great need for an agent active against the gram-negative organisms 
and the mycobacteria. Within a year of the announcement of the 
discovery of this drug, its in vivo activity was established and in spite 
of extremely short supplies, it had been shown clmically to be a safe 
and effective chemothempentic agenh It is the first and only drug 
of proven value that phtliisidlogists have liad In the treatment of 
tubarculosis. Unfortunately, it is not the answer to definitive treat¬ 
ment of this disease although there is no question but that it is a 
most val uahle adj unct to other forms of therapy» 

*" ''B€tiunld"-^tndtBUlrk. 
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From the standpoint of the amounts injected, particularly in the 
treatment of gram-poaitire and gram-negatiFe infections, strepto¬ 
mycin may he considered to be a dryg of low tositj. In the prooees 
of the development of streptomycin, the organism Sirept&m^ces 
ffriJteu^ produces substances in addition to the antibiotic. Among 
these substances are lustamine and histaminclike substances which 
Jti the early impure lots were carried over into the finislied drug. 
These histaminelike substances were responsible for the reports of 
nausea, vomiting, headache, and flushing of the face following paren¬ 
teral vm of the drug. Streptt>m2^C€s ffmeus not only produces umie- 
lated chemical compounds that causa untoward reactions on injection, 
but produces also vitaznln Bi, and several oilier growth-promoting sub¬ 
stances during the fermentation process. 

Pyrogenic substances are produced in every batch of streptomycin, 
or for that matter in evei^ batch of any antibiotic produced by tlie 
fermeutation prooeas. These pyrogens result fi'ora breakdown of tlie 
cell of tlid micro-organism, thereby releasing material that on injec¬ 
tion raises the body temperature. The elimination of pyrogicnfl frem 
antibiotics has been a problem since their first use in man. It wull be 
remembered tliat one of the first side reactions of penicillin was a 
pyrogenic response In man, Prcscivt-day penicillin mrely, if ever, 
contains pyrogenic substaiicea since they are eliminated in the proc¬ 
ess of manufacture* Similarly, these aubstuncca are rarely found 
in present-day commercial lots of streptomycin. The presence of 
Idstamindikc substances and pyrogens in dihydrostreptomycin has 
been rarely noted also since in the crso of tlds drug its clinical use 
came about only after relatively pure streptomycin was available. 
Some evidences of renal irritation occasionally accompanied by im¬ 
pairment of renal function have been reported, particularly with 
early lota of streptomycin. Similarly, intramuBcuIar administration 
of partially purified streptomycin gave rise to some degree of sore- 
ne^ and induration at tbe site of injection^ As the purity of the drug 
increased, how ever, reports of renal irritation and impairment of teital 
function decreased in number. It should be emphasized in any case 
that impairment of renal function ocurred in most instances during 
there py in presence of a probable renal disease w^hicji liad existed 
before streptomycin treatment was instituted. There appeare to be 
no significant evidence that dihydrostreptomyoin produces renal im¬ 
pairment with ordinary dosago regimens. 

There is some evidence that streptomycin hydiwhlorlde is more 
irritating than streptomycin sulfate on intramuscular administration, 
and this irritation seems to be related to the hydrochloride portion 
of the moleeuk. The apparent greater toxicity of the liydroclilaride 
salt of streptomycin has been sufficient to result in the elimination 
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of this salt of streptowij^cin from the market^ so that at the present 
time streptomycin sulfate and streptomycin calcium chloride trihydro- 
chloride are the only salts arailubk for dinkal uso. The only dihy- 
droEjtreptomycin salt available is the sulfate salt 

In a general wayv the toxicity of dihydrostreptomycin is similar to 
that of strepiomycini but tliis toxicity should be compared with rela¬ 
tively pure streptomycin only sinco dihydrostreptomycin is produced 
from relatively pure lots of streptomycin. The neurotoxicity of 
dihydrostreptouiyciu when tested in animals is approximately one-half 
tlmt of streptomycin. The lower neurotoxicity of dihydrostrepto- 
mycin has been shown clinically in man by several investigators, A 
delayed ncurotoxk effect of dihydrostreptomycin on the auditory 
system of patients evidenced by delayed deafness several weeks after 
treatment had been discontinued has also been reported, Thwre is 
some question as to whetJier this “delayed deafness^ is m reality 
delayed or whctlier it is actually a slow progressive increase in deafne^. 
Studies are now" in progress in an attempt to determine the facts 
in this unexjMted toxic reaction in a rela6vely large group of pa- 
tient^p^ In any case, careful investigation has failed to demonstrate 
a greater neurotoxicity of dihydiostreptoinycin over streptomycin on 
the auditory system in cats. Indeed, in these animals dihydrostrepte- 
mycin appears to affect tlie auditory and vestibular systems to a lesser 
degree than does streptomycin. 

As with the otJier antibiotic drugs, streptomycin akin erup¬ 

tions during the course of treatment. These are relatively common 
hut usually are transient and not coiisidered to be an indication for 
the discontinuance of therapy . Although the impurit ies present in the 
early crude preparations of sti*eptomycin may have been responsible 
for some of the skin reactions ohservedT tho drug is capable inherently 
of producing sensitivity. Skin reactions occur in about 4 percent of 
the caaes treated. Occasionally severe urticaria complicating strepto¬ 
mycin therapy occurs, and two dcfltlis have been reported from derma¬ 
titis and stomatitis during slrcptomyein therapy. Contact dermati¬ 
tis is caused by streptomycin more often than by penicillitL Not infre¬ 
quently, individuals in industrial plants handling the drug become 
sensitive to it In addition^ nurses having intimate contact with the 
drug often show epidermal sensitlMtion to streptomycin. 

Absorption and esearetton.^Follo\\-mg injection, streptomycin is 
readily absorbed and excreted. The usual method of administration 
is by the intramuscular route, and although intntvenoua administra- 

^TMj wtnAg fau -aaw bMH <ri’brnaiy leJSSj tod bu nhawn dibrdrOiEwpto- 

mycLn m. bicber for tb* Kodltarr tiuntli of tlif elibtib nerr* Uikd 

iomjdiV, wbUe tht Ii tttio for tfa« TMlihwiar bnneli of |h|4 ntrstr, itodlrt 

hiTt Mlw ■hawB m. lUArhfd rfrdncUoB In tOiSeItT for both bnlichtt <5f tit cjslitb aeirc 
Ikrotlcb OH id n nlxtiiTi coatAialnf e^otl tnrtt of 
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tiOD has been used, it is no longer recommended, not only because of 
inconvenience to the patient but also because constant high blood 
concentrations are unnecessary. TJiis is particularly true in the 
treatment of tuberculosis where prolonged high concentrations of the 
drug are not essential and in addition increase the possibility of 
neurotonic reactions. The rapid di^ppearance of streptomycin from 
tile blood can be accounted for by its early appearance in tlie urine- 
Following oral administration of the drug in animals relatively small 
amounts are found in the blood. This lack of absorption of strepto- 
mycin from the gastrointestinal tract is responsible for the low blocx) 
concentrations and is consistent with tJie large amount of drug re¬ 
covered in the feces. In general, these results are similar to those 
found fotlow'ing oral use of streptomycin in man. TIte drug may be 
concentrated and excreted in tlie bile. It passes the placental barrier 
and is readily available to the fetal drcnlatiom 
Streptomycin cannot be demonstrated in the blood serum of patients 
following the administration of 0.5 gram per day by nebulization or 
by moutli and, furthermore, urinary excretion of streptomycin under 
those conditions is negligible. Injections of from 50,000 to 100,000 ^g. 
per day intrathecally for meningitis show from 6 to 50 i<g. per ml. in 
the spinal fluid 12 hours later. 3fo significant amounts of strepto¬ 
mycin appear in the spinal fluid following intramuscular or subcu¬ 
taneous injections of from 50,000 to 200,000 In patients with 
tuberculous meningitis receiving streptomycin by continuous subcu¬ 
taneous infusion for over48 hours, streptomycin maybe demonstrated 
in the spinal fittid in amounts varying from 4 to 18.5 pg. per ml. It 
would appear that the presence of an inflammatory reaction in the 
meninges increases the pcssibiUty of diffusion of streptomycin into 
the spinal fluid. In man, the serum concentration obtained within 
1 hour after intramuscular injection of streptomycin approximates 
that obtained by intravenous injection of the same dose mdicatiug a 
rapid absorption from the muscle. Streptomycin is absorbed more 
slowly following intramuscular or subcutaneous injection than is 
penicillin and similarly is excreted at a slower rate. Blood concen¬ 
trations may be maintained for approximately 12 hours following 
the injection of 0.5 gram of streptomycin as the sulfate. 

Most of the streptomycin injected parcnterally ia excreted threugh 
the kidneys and although rather I>road variatiotis in percent recovery 
of streptomycin in the urine of man have been reported, it appears 
that where normal kidney function is involved, between 50 and 50 
percent of the streptomycin administered parenterally is excreted in 
the urine within a 24-hour period. Excretion of the drug is most 
rapid in the first 4 hours while the greater part of the antibiotic is 
excreted in the urine within the first 12 hours. Obviously in the 
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presence of renal damngB^ markedly different results may be obtained. 
The renal dearonce in man is approsimately 70 percent of tbe dmul- 
taneously determined glomerular filtration rate. In the dog practb 
callj all the streptoioycin administered can be accounted for by ex¬ 
cretion in the urines In man^ howeyer, a considerable amount of the 
drug is frequently not found in tlie urine. 

Seyeral daily injections of streptomycin parenterally usually pro¬ 
duce an equilibrium between the quantities administered and the 
amounts excreted. In the indlvidnal with normal renal clearance, a 
balance is reached rather rapidly and, as long as it remains normal, 
may be maiutaJned for considerable periods of time. lu the presence 
of renal damage, however, the blCM>d concentrations may rise very rap¬ 
idly. In any case, it is adviseble and in some instances essentini that 
the concentration of streptomycin in the serum be followed by labora¬ 
tory assay. As Las t>een ind icated p revionsly, the developm cnt of ncu- 
rotoxic symptoms is related to the height of the blood concentration 
and duration of treatment. High concentrations of streptomycin in 
the serum for prolonged periods of time may result in eridences of 
neimotoxicity* 

BACITRACIN 

Although the bacitracin originally produced was made by the sur- 
face-euUure method, the present materia! is produced by deep-tank 
femicntation. Pi'oduction of this drug in the United States is largely 
by one manufacturer, but approximately five have produced small 
quantities during the past two years. There appear to be no dif¬ 
ferences in the antibacterial acdrity of that produced by surface cul¬ 
ture and that produced by deep tank. 

Tliere is little doubt concerning the toxicity of the bacitracin now 
commercially available. It is produced fairly uniformly at a potency 
of 40 units per mg., and tliig is approximately (50 percent pure. Fur¬ 
ther purification beyond 45 units per mg. results in some instability 
which becomes pronounced at potencies much in excess of 45 units 
per mg. Animal tests invariably show the drug at these potencies 
to be nephrotoxic, producing damage to the renal tubules of mice 
and rats» Kidney damage is observed in dogs given 5,000 units per 
fegp twice daily for 3 days. 

In man, bacitracin has been shown to produce local pain and injury 
on intramuscular injection. At the site of Injection, petechiae of the 
skiti and macular rashes have been observed. Some nausea end 
vomiting have also been noted, and occasionally tinnitus occurs. Of 
more importance, however, h the appearance of albuminuria and an 
increase in blood urea nitrogen in some patients. Most patients treated 
with bacitracin show some nephrotoxic phenomena. These vary in 
degree with different lots of bacitracin* The nephrotoxicity is re- 
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fleeted in the blood NPJf, in the urinary albumin, and in low phenol- 
Eulfonphthalein exeretion. Abnormal urinary changes are observed 
after the eighth or tenth injection with daily doses of 4 O 3 OOO to 80^000 
units and after the second injection of a single daily dose of 100,000 
units for Q days. Evidences of liver damage have not been reportesd 
and no signiticant effects have been noted on erythrocytes or white 
blood cells. 

Absorption a7id e^cretion ^—Bacitracin is absorbed readily follow¬ 
ing intramuscular injection hut disappears from the blood less rapid¬ 
ly than does penicillin. Intramuscular injection of bacitracin in man 
produces higher and more prolonged blood concentrations than those 
obserred after penicillin administration. The differences in the blood 
concentrations of penicillin and bacitracin have been shown to be due 
to their different rates of urinary excretion. In contrast to the mech¬ 
anism of excretion for penicillin, bacitracin is cleared by the kid¬ 
neys at a rate approximating iliat of glomerular filtration. 

Following pureiitcral injection of bacitracin in anlmala, the drug 
is found in the urine, kidney, blood, bile, lung, bone marrow, skin, 
heart, muscle, skeletal muscle, liver, spleen, cerebrospinal fluid, and 
brain. In man, bacitracin readily diffuses into the pleural and per¬ 
itoneal cavities. In general, foUowhig large intramuscular injec¬ 
tions of this drug in man in the absence of inflamed meninges, baci¬ 
tracin is not usually recovered in the cerebrospinal fluid. 

When 50,000 units or about one-half of the maximum daily dose is 
administered intramuscularly, the peak concentration of the drug in 
tlie blood develops by the fourth hour, after which the concentration 
gradually declines, liulivldiial variation in blood concentrations may 
he quite marked following intramuscular usa. Blood concentrations 
following injection of 50,000 units may vary from 0.03 unit per mb to 
0.8 unit per ml* 

Hie oral administration of bacitracLn docs not ordinarily result in 
measurable blood concentrations, the greater portion of the total dose 
being recoverable in the feces. Following unusually large oral doses 
or prolonged oral administration, however, a trace of activity may be 
observed in the blood and measurable amounts found In Uie urine, in¬ 
dicating that some absorption has occurred. 

Bacitraoin, after parenteral administration, ia excreted mainly by 
way of the urine. Wide discrepancies exist concerning its excretion* 
In one experiment 10 to 30 percent of tlie injected doso waa excreted 
in the urine wulhin 24 hours and this suggested that the greater por¬ 
tion was either retained in the body or inactivated. Others have 
found that practically 100 percent of llie dose adiniiiistei'cd could be 
accounted for by urinary excretion within 8 hours. The fact that in 
one case much smaller doses w'ere used may account for this discrep- 
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mcy. Under e^rimenta] conditions^ increasing the dose from 10 
to 100 units per kg. results in a slightly decreased renal clearance. 
This agrees with the observation that after reladyely large doses in 
animals^ damage to the tubules of tlie kidneys occurs rapidly and this 
damage is redccted in die later excretion rate, 

AUREOMYCIN 

In aurcomycin we have a chemotheriipeutic agent that can be used 
without fear of serious toxic edects. Untoward side effects consist of 
anorexia, nausea, vomiting, epigastric distress, heartburn, and diar¬ 
rhea, which occur more often in females than in males. The diarrhea 
often persists for several weeks but may be helloed by the adminiatra- 
tion of kaolin, pectin, or bismuth. Sometimes patients complain of 
a bizarre desire for certain types of food, and occasionally there is a 
compelling and voracious appetite for any kind of food. Other side 
effects that have been reported following aureomycin are stomatitis, 
cheUosss, skin and mucous membrime eruptions, and Taginitis. In ad- 
ditioiif a Herxheimer type of reaction has been observed in cas^ of 
brucellosis treated with aureoniyciiL These conditions usually do not 
interfere with treatment. Early commercial lots of aureomycin caused 
more nausea, vomiting, and diarrhea than those now available. It is 
certain tlmt, although the drug itself may cause these symptoms in 
patienta^ a relatively large number of the early rei^orts of toxic mani¬ 
festations were due to tlie presence of impuritios. Present-day aureo¬ 
mycin 18 rcor^^stalli^^ tliree times and, as a result, a product of ex¬ 
tremely high purity is available for clinical use. 

The diarrhea observed in patients treated wiili aureomycin for a 
period of three or moi*e days may not bo a toxic manifestation of the 
(Irug, but rutlier an expression of the profound effect tliis drug has 
on tlie intestinal flora. In this respect it is similar to terramycin or, 
for that matter, any combination of chemotherapeutic agents that are 
markedly active against both gram-positive and gram-negative aerobic 
and anaerobic bacteria of vvhich the intestinal flora uro comprised. 
Oftentimes, patients treated with these broad-spectrum antibiotics for 
a period of 3 days or more show nothing but pure cultures of yeast in 
their stools. Not infrequently the stools become loose, lose their nor¬ 
mal odor, and tlie patient complains of pruritus ani. The latter is 
probably due to the abnonnal diift of the bacterial flora to the acid- 
producing yeastx 

There is a relatively low incidence of voniiting in patients treated 
with aureomycin and this may be controlled quite readily with alkalies 
and, in some instances, milk. The use of aluminiun hydroxide is not 
recommended ^co it interferes with proper absorption. 
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Although aureomycin is used in large part orally, the Intramuscular 
and intraveuoiiS routes of adnunistration haTc been explored. Intra¬ 
muscularly, aureomycin causes considerable irritation and is extremely 
painful. There is no preparation commercially available at this time 
for intramuscular use. There is, however, an intravenous dosage 
form. This method of parenteral administration is very valuable, 
perhaps essential in certain tyx>cs of cases. In comatoK patients and 
those unable to swallow, intravenous aureomycin has been used with 
considerable success* Unfortunately, even when used with tlie special 
diluents;, glycine and leucine, phlebitis occurs in approximately 10 
percent of patients so treated. This reaction subsides promptly with¬ 
out serious residual effect as soon as this form of medication Is stopped. 
Both nausea and vcmidng have been reported following the intraven¬ 
ous use of aureomycin. 

Aureomycin retards proliferation of fibroblasts, epithelial cells, and 
cells from cxplants of embryonal brain tissue at levels approaching 
those obtained in patients under treatment with this drug. At con¬ 
centrations of 1,000 ftQ. per ml., inhibition of growth of these cells has 
been obtained. These toxic manifestations of aureomydn appear to 
be of little clinical significance. 

Aureomycin, like all drugs, will sensitize some individuals. The 
evidence so far indicates that the incidence of patients who become 
sensitive to the drug is extremely low. Furthermore, it is rarely nec¬ 
essary to withdraw the drug from those patients who develop re¬ 
actions to it 

In considering tlie toxicity of aureomycin, one should not forget its 
relative toxicity as compared to that of penicillin which for all prac¬ 
tical purposes is considered atoxic. Tlie average oral dose of ciystnl- 
iine penicillin G is 100,000 units (0.0(S gram) every three hours. A 
million units of penicillin is 0.0 gram, yet doses of aureomycin as high 
as 30 grams orally have been used w'ithoiit serious toxic reactions;. One 
must eonetiide that wo have in aureomycin a drug practically free from 
toxicity. 

Absorption, ond eseerotion ,—^.iuiSfomycm is readily absorbed from 
the intestinal tract when administered orally in capsule form. Fol¬ 
lowing absorption it diffuses Into all body fluids and tissues. In 
single doses of from 0,75 to 1.0 grnm, therapeutic serum concentra¬ 
tions are obtained quite rapidly and these are maintained for rela¬ 
tively long periods of time. These serum concentrations are main¬ 
tained at therapeutic levels for 6 to 8 hours and complete disappear¬ 
ance from the circulation is not observed for from 34 to 30 hours. 
■When doses of 0.5 gram to l.O gram are administered to patients every 
C to 8 hours, the scrum concent ration of the drug is maintained at 
from 2 to 4 per ml., although the concentrations in some patients 
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may exceed 6 or 8 per ml. From the circulation, auieomycin 
readily posses into the peritoneal fluid, spinal fluid, bile, urine, and 
milk. It {losses into the fetal circulation through the placenta and 
has been found in the liver, kidney, lung, and spleen. Aureomycin 
probably passes the blood-brain barrier in therapeutic amounts and 
the presence or absence of inflammation is not a tontrolling factor 
as it is in the case of penicillin and streptomycin. 

The concentration of aureomycin found in the urine following 
oral administration of this drug in either single or multiple doses 
is relatirciy higli. Peak concentratious of from 50 to 350 ftQ. per ml. 
of urine are obtained folloiving single doses of from 0.5 to 2.0 grams. 
For the most part these peak concentrations may be maintained by 
similar doses given every six hours. The successful use of this drug 
in certain types of urinary-tract infections;, particularly those of the 
bladder, is in targe part due to the relatively high excretion rate of 
this drug. 

CHLOEIAMPHENICOL 

Chloramphenicol was the first of the broad-spectrum antibiotics to 
be reported in the medical literature. Tlie generic term *^ch]or- 
amphenicol” was derived from the now known structure of this drug 
which was first called “chloromycetin.” Tlie latter uame, which in¬ 
cidentally is also descriptive of the drug, is the trade-mark name. 
Cliloramphenicol is unique among the antibiotics. It is the first and 
only antibiotic ever synthesized on a commercial basis. Tlie produc¬ 
tion of this drug, which talay is mea.sured in tons and produced 
largely by synthesis, was an extraordinary acomplishment. 

Chloramphenicol is a drug of remarkably low toxicity. A review 
of its clinical history indicates that the great majority of investigators 
who have used this drug report *^no untoward reactions.^ The nitro¬ 
benzene nucleus might suggest toxicity for man, yet in a relatively 
large number of patients on high dosages, no evidence of intolerance 
or toxicity has been observed.* 

Aldiough side reactions stich as nausea, headache, skin eruptions, 
and enteritic symptoms are rare following the use of therapeutic doses 
of cliloramphenicol, occasional untoward reactions, minor in char¬ 
acter, have been recorded. In one case there was an altered sense of 
taste; food lost its savor and smoking was not pleasant. A second 
side effect was the apjiearance of a sensitivity response which occurred 
on the sixth day of treatment. At this time the patient felt some¬ 
what dizzy, his face became fluslied, and numerous red macular lesions 
appeared over his face. The pulse and respiratory rates were ac- 

^ At the prfHUt tfiM (JnSj fnjia l4th publlRliHl Aod tJopubllibc^S MufTitl 
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celerated. There wag no associated pruritis. These sjmptomg per¬ 
sisted for about 30 minutea and then subsided spontaneously. The 
same syndrome occurred after the last dose of drug was given. 
Stomatitis may be a possible side reaction to chloramphenicol and 
some looseness of stools or diarrhea may occur. In the treatment of 
syphilis a mild Jartscb-liersheimer reaction has been noted. This 
reaction is perhaps less frequent in patients treated with chloiam- 
plienicol tlian those treated with penicillin. Id general| fewer cases 
of loose stools and diarrhea are reported with chloramphenicol than 
witli either aureomycin or terramycin. An explanation of this, in 
part at least, may be the rapid absorption of the chtoraiuphenicol from 
tlie gut and the rapid inactivation of that remaining in the intestine. 
In addition, little antibacterial e0ect is obtained on the intestinnl flora 
in contrast to the rather profound antimlcrobic effect of terramycin 
and aureomycin on these organisms. Yeasts are frequently found to 
mobe up a great proportion of tlie intestinal flora following extended 
treatment with either terramycin or aureomycin, while chlorampheni¬ 
col has little or no such effect. 

Proliferating epithelial cells and fibroblasts and cells from explants 
of embryonal bruin tissue are retarded in their growth in vitro by 
concentrations of chloramphenicol of 10 ^g. per ml. This, of course, 
is in the range obtained with certain dosage regimens of this drug. 
The cells are completely inhibited in their growth by concentrations 
of 1,000 /ig. per ml, The latter amount is well beyond the blood 
concentration of the drug obtained in clinical use. In view of the 
large amounts of chloramphenicol that have been used clinically in 
man, it does not appear that its effect on the growth of proliferating 
cells is of clinical signiflcance. 

Abs^ption and rass’s/ton.—Chloramphenicol is very rapidly ab¬ 
sorbed from the intestinal tract in man. It is metabolized readily and 
excreted by way of the kidneys. Present evidence indicates that 
approximately 90 percent of the administered dose may be accounted 
for in the urine in a period of 24 hours, although relatively low con¬ 
centrations of active chloramphentcol are found. Probably less than 
10 percent of the administered dc^ is excreted unchanged, while a 
great bulk of the drug is excreted in the form of an inactive nitro 
compound. 

Although lower concentrations of active chloramphenicol are dem¬ 
onstrated in the urine following the oral use of this drug, the blood 
concentrations obtained with chloramphenicol are somewhat higher 
than those obtained following comparable oral doses of terramycin and 
aureomycin. The concentration of chloramphenicol in the blood drops 
off rapidly so tliat by the sixth boar its concentration te somewhat 
lower than that obtained with similar doses of either temmycin or 
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aureomycm* The roore rapid disapp^rmice of chloramphenicol from 
the may ba explained by the fact that it is more rapidly metab¬ 
olized into the inactiTe nitro compound. In spite of thisj hoTfreverj in 
some subjects diloroinphenicol can be demonstrated in low concen¬ 
trations at the twenty-fourth hour* In the therapeutic nse of the 
drug, proper dosagi^ at internals of 6 to S hours have been shown to 
be clinicaily effective As with single doseSj the blood concentrations 
obtained arc mucii higher tlian tI:tose obtained with comparable oral 
doses of aureomyoin and terramyciiL 

TEKRA>IYaN 

The first report on terramycm, the third of the broad-spectram 
antibiotics to be isolated, gave an indication of its wide clinical possi¬ 
bilities. This drug has an acute and chronic toxicity comparable to 
the other hroad-spcctrum antibiotics. Although daily intramuscular 
injections of the drug were well tolerated by dogs for a period of 2 
months or more, it was mdicated that intramuscular use of the drug 
would probably cause local irritation. In high doses (75 to 225 mg. 
per kg.) sodium terxamycin in dogs resulted in impaired renal and 
liver functionsL Dogs dying from these large intramusculnr doses 
of sodium terramycin showed cloudy swelling of tli© liver and fatty 
metamorphosis of the kidneys. 

Terrarnycirii as die hydrochloride, is administered largely in cap¬ 
sule form by the oral route. Patients treated by this mode of adminis¬ 
tration rarely show untoward reactions although there is evidence 
that terramycin causes gastrointestinal irritation in some patients. 
This is manifested by nausea, vomiting, and diarrhea* This is usually 
minor in character. The nausea and vomiting can be controlled by 
giving the capsules with milk- The use of milk docs not interfere 
with the absorption of teiramyein; Itowever,^ tile use of aluminum 
hydroxide gel is contraindicated as it is with aureomycin. Other 
reactions reported includo proctitis, vaginitis, and pruritis, usually 
of a mild degree, 

Terramycin is now available for intravenous administration. This 
preparation, however, sliould not be used except m those patients who^ 
for one reason or another, are unahlo to take the drug by mouth- TIi© 
relatively high alkalinity of the preparation may cause phkhitis on 
intravenous admlnistratian and patients receiving this type of medi¬ 
cation should be given the drug by the oral route as promptly as pos¬ 
sible. The low toxicity of terramycin by mouth is evident from the 
fact that doses of at least 15 grams per day over a j^eriod of 10 to 15 
days have given without evidences of serious toxic effects. 

arid —I'he close relationship between ter¬ 

ramycin and aureomyciii is readily demonstrable in the absorption and 
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excretion of thcise drugs folio wing oral adminiirtradon. Both drugs 
are readily absorbed from the gastrointestinal tract and are readily de¬ 
monstrable in tlic blood and urine. In addition^ appreciable amounts 
are excreted in the feces and thereby alter the intestinal flora of the 
patient. As with aureomycin^^ complete disappearance of terramyem 
from the blood may occur late as the twenty-fourth to thirtieth 
hour after Sfingle doses. There ip, however, a definite diminution in 
the amount of terra mycin in the blood 6 to 8 hours after single doses of 
0.5 to 2.0 grams. In contrast to aurcornyoin| which is not very stable 
in solution^ terramycin is quite stable in the presence of serum, urine, 
and other body fluids, Terramycin does not readily traverse the 
blond brain barrier as aurcomycin does although in cases where the 
meninges ore inflamed, terramycin has been demonstrated in the cere¬ 
brospinal fluid. Terramycin diffuses readily into the pleural fluid 
and passes thiTjugh the placenta and is present jn the fetal circulation* 
The drug is also excreted readily in the bile* The serum concentra¬ 
tions of terramydn after oral administration are relatively high and 
prolonged. As the dose is increased from 0,5 to 2-0 grams there is a 
tendency for the serum concentration to increase correspondingly at 
any given time. However, the increase in semm concentrations of 
this drug following single oral doses of from 1 to 2 grams is not quite 
as great as one would exiDcct^ and furthermore the serum content of 
terramycin is not significantly increased by increasing the size of a 
single dose from 1 to 3 grams. It appears that only a certain amount 
of terramycin is absorbed from the circulation regardless of tlie size 
of the oral dose. Blood concentrations of terramycin can be main- 
tained ut a relatively high level by oral administration every 6 hours. 
Following oral adminigtration of 0.25 gram, 0.5 gram, and 1*0 gram 
given at 6-hour inten^als for a period of 24 hours, serum concentrations 
rise sharply with increased dosage. 

Urinary excretion of tcrraniycin is relatively high following both 
single and multiple doses. Indeed, conridenifaly more terramycin 
is found in the urine thnn aurcomycin after similar doses. The dif^ 
ferences in recovery of terramycin and iiurcomycin m the urine fol¬ 
lowing the Game dose do not appear to be fully explained on the 
basis of the instability of aureomycin in urine. 

SUMMARY 

Pharmacologically^ tiie clinically useful antibiotics are a unique 
group of drugs. Penicillin is nearly nontoxic but may cause annoying 
allergic manifestations cspedrilly when given topically. Both strep¬ 
tomycin and dihydrostreptomyein are essentially nontoxic when given 
over short periods of time, although retreated dermal exposure to 
either drug may give rise to allergic phenomenop and both drugs may 
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cause Testibularand auditory pathology when giTeti over long periods. 
The polypctido antibiotics p^^ssess somewhat more toxicity. Tyro- 
thricin and its constituents gramicidin and tyrocidiue bare a ^stemic 
toxicity that precludes their parenteral use or makes their application 
into b^y cavities and other sites where absorption Is likely unde¬ 
sirable. Bacitracin is nephrotoxic and iU parenteral use is justified 
only under exceptional circumstances. The broad-spectrum anti¬ 
biotics, aureomycin, cblorninphemcol, and terramycio are essentially 
nontoxic but they may give rise to sensitiaation reactions and are apt 
to induce minor gastrointestinal disturbances. 

As one would expect, the presently employed antibiotics are readily 
absorbed following one or more standard routes of administration, 
are able to diffuse into the various tissues:, are considerably more active 
against the parasitic celts than against the host cells and, once their 
work has Iwn completed, they are destroyed by normal metabolic 
processes or are excreted from the body by natural routes. 

Afany of the other antibiotics are of no clinical value because of 
their adverse pharmacological activity. These substances, altliough 
highly bacteriostatic, are either too toxic for use in man or are slowly 
absorbed, poorly diffusible, or inactive in tlje body. These properties 
can only be determined after thorough pharmacological study and 
serve to emphasize the importance of pharmacological techniques in 
tlie final evaluation of any new antibiotic. 


An Anthropologist Looks at Lincoln 


By T, D. Stewaet 

Lurmcr, Dhiswn a/ i*kyiical Anihropolfygy 

U. S. Nudcnal Mu^vam. 


tWllh^pUfu] 

“Do sou ofleo ftee Profoasor Henry 7*^ fnqiitrod the PresMent, 
as OGon as the dotlr bad el<xsed. 

I sinlletL for It wna the IdenticaJ qilestlim which the professor 
hud aaked toe ahout llie Pfesident 

''My s^ltB to the SmHbaotktati, to Dr^ Henry, and bis able tlea- 
tenqnr^ ProrcBsor Bntrdp are the chief recreiitions of my Life," I ^llL 
‘These men nn? ul^toiinrlea to e^cUe setentifle reseorch and pro- 
mate sefoDUhe knowledge. The countz? hno n& niore faithful 
scn'Phto, Lhoitoh It may have ta wait ADother century to appre¬ 
ciate the valQB of their InborlL" 

“£ had an lnipre5aiGa+^' said Mr^ Lincoln, "that thn Stoltbsoulan 
woa printing a ^nt otomunt of uselm Infonnatlon. Professor 
Henry hfta conilnced roe oC my error . . J* (H B. CmiTiMEir^ 
Acc»Uccr£oni of PreMd^nt Lincoln and Bit AdmlnUtraHnn^ p. 
l&OL Harper ^ BrOo., New York.) 

Faudus men, by virtue of outstanding traits of character and per¬ 
sonality, often impart an impression of physical bigness re^rdless 
of their actual size. The physiques of such men, being easily visual- 
ized, as cDmpare<) to the intangible traits, even after the men them¬ 
selves are dead, tend to grow in reiiiembrance, feeding as it were on 
the increasing fame of tlieir intellectual accomxjlishments. Sculptors 
carry on this idea by representing these great men in heroic 
|>roportions; 

Abraham Lincoln is one of the best esamples of this typo of ad- 
mimtion. Rarely lias n man, sprung from such humble surround¬ 
ings, self-taught, and self-advanced, been the subject of such inten¬ 
sive study. His strength of character and clarity of thought need 
no comment. In the physical sense he was very tall and seemed even 
taller because of his leanness. Is it any wonder, then, that his ap- 
pearunee stuck and grew in the minds of those who, immediately after 
his death, began to assemble tlieir recollections; and that with more 

4ie 
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recent recompilations and reanalyses he has continued almost literally 
to grow in staturet And in the case of lus scnlptureSj the figure in 
llic Lincoln Memorial in Washington^ for es^ample, is truly heroic^ 
l>eing, although seated, 19 feet from tire top of the head to the sole 
of the boot. 

There are very few measurements made during Lincoln's lifetime 
tliat help to bring these souring concepts of his size nearer to reality 
or to give perspective on tlie man himself m his population milieu. 
Titere is, of course^ bis owm recohection of height and weight: 6 feet 
4 inches and IfiO pounds, respectively. Then there is a chiropodlst^s 
record of Uts foot size^ And some idea of his head size has been 
gained from hnts. Tlmt is about alb 

The lack of life measurements is somewhat offset^ fortunately, by 
tlie existence of other records of Lincoln's physique that us such 
have been largely overlooked. I refer to the costs of liis face and 
hands made in life by the sculptors Leonard W. Volk and Clark Mills. 
Since probably the best copies from tlie original molds are preserved in 
the United States ffatioual ^luseum, 1 was urged by Dr, Alllton R. 
Shutes, a Lincoln scholar, to study them from the standpoint of phys¬ 
ical anthropolgy. Tliis paper is the result.^ However, in setting about 
this task I found that I needed to know something about the history 
of the casts thomselves. Not only is their story interesting, but it is 
important to the understanding of tile use I have made of them. 
This is my reason for now taking the reader back in time nnd intro¬ 
ducing him directly to the principals involved. 


LINCOLN AND VOLK 


‘^Mr, Volk, 1 have never sat before to sculptor or painter—only for 
daguerreotypes and photograpLs, ’ftTiat shall I doP 
With this modest but foilhright statement, Volk later (X881) re¬ 
called, Lincoln covered Mg uncertainty as he seated himself in the 
models chair that Friday morning early in April 3860, the year of the 
51‘year-o1d Lincolns nomination aiiul election to tlie Presidency, 

Volk was becoming Avell known as a sctilptor. He had been w'anfing 
to make a bust of Lincoln eirer since he had met him 2 years before, 
during the Lincoln-Douglas senatorial contest, when he had been 
working on a likeness of Douglas. Something In Lincoln’g appearaace 
at that time undoubtedly fascinated Volk as it was later to fascinate 


Dt. ahtiEw thifl prVlileiTi to mj- attention dqrlT)^ htw Tbrlt to WAihlDrioD Id (lit 

IOQO. My HUR&BtTipt wdji Id No^rnaOer I&52. to tho Dr. 

n. L. gOnpIri?, of Aracricsn Mah-tltn of Nnturhl ULinorr in Xcw York, tiful bertWe Ifl- 
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^ Afltifral Wu^d, in 1052 . te bejnin 
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olhcts. When Volk had asked Lincoln to pose for a bust sometime 
when ho would be in Chicago, the great man had replied promptly and 
simply, “Yes, I will, Mr, Volk—shall be glad to, the first opportunity 
I have.” 

Now, almost S years later, the opportunity had come. Lincoln was 
in Chicago on legal business and was to stay there from March 23 
to April 4. Volk had chanced to see his name in the newspaper 
and had arranged an appointment. In preparation for tlie sittings, 
and over Volk’s protest, Lincoln Jiad had his haircut 

After Lincoln had seated himself in Volk’s studio that Friday 
morning, only measurements were taken. Except for stature, whicli 
Volk seems to have remembered incorrectly, we are not told of what 
the measurements consisted. Probably they represented the main 
diameters and circumferences needed by the sculptor for building into 
day the body mass^ ■ probably also they were taken over the clothing 
without any attempt at real accuracy. 

At the second sitting, on Saturday, Volk made a cast of Lincoln’s 
face. In those days sculptors often resorted to this means of secur¬ 
ing an exact likeness. They could, of course, modify the expression 
of tho mask as they chose, but it gave them something to refer to in 
the sitter’s absence, li sporting the episode 20 years later, Volk said: 

He dut naturallj In the rtinlr Avlien 1 made the cast, and mw every nioTe 
1 mnde La a mirrar appeal tc, as I put the plaster oo wltbotit Interference with 
hla cyeai^lit ar hla free bteAthlD^ thraugb tha nDstrlls, It waa ahatit an honr 
before Ibe taald w'bb ready' to he reiaoved, and belnj; all Jn ane piece, with 
earfi perfectly tak^n. It dong pretty hard, as the cheekbonea were higher 
tbaa the Jawa at the lobe of the ear. He heat hla head low and took bold 
of the mold, and gniduallj worked It off wltboot breaking or Injnry; It hart 
a Uttle, aa a few halra of the leader temples palled otit with the iitaater and 
mEidD his eyes water* 

A Jes3 calm and courageous person might have become panicky 
during such an ordeal. TTie hair pullingj and the realistation tlmt 
file mold was hard to get offj w^em discomforts of whirfi probably 
Lincoln had been warned. In addition, well before the end of the 
hour, surely the setting plaster had begun to genemte heat. Volk’s 
efforts at assurance might not have been bo successful if Liiicoln had 
known tliatt years before, the aged Jefferson had almost succumbed 
to the effects of Browei‘e’a moldmaking (Hart. 180&). Kevertheless* 
even if Lincoln had been disscouraged thereby from further sitting^ 
an accurate record of his face had been obtained^ for which w© are 
grateful to Volk* 

Of course Lincoln was not bo easily discouraged, Volk got the 
sittings required for a bust and ultimately for a fulUength figure 
(Diirman, 1951)* But we will pass over these proceedings, for our 
interest hero is in the life mask alone. In this mask the physical an- 
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thropologist sees more than the sadness, the compassion, and other 
such emotions that sculptors delight in portraying; he sees such 
characteristics os the bold cheekbones that held the mold tight, the 
clear lines of the nose, the long ears—all features that he has come 
to recognise as typical of that segment of our population now known 
as “Old Americans.^^ J3ut let us postpone the considerations of 
physical anthropology until we have finished our story about tbe 
surriring records of Lincoln’s physique. 

Two months after taking tbe face mold Volk arranged to cast Lin- 
coin’s hands. The appointment was for Sunday morning, May 21, in 
Springfield. This was the day after Lincoln had been officially noti¬ 
fied of his nomination and when he had shaken 1 lands with the 
great crowd intent on congratulating him. Therefore his right hand 
was somewhat swollen. 

Before making the first cast, that of the right hand, Volk had 
Lincoln saw off a piece of broomstick. The cast was made with him 
holding this stick. The left hand was cast without the stick and 
with the fingers naturally flexed. In the course of I he work Lincoln 
called attention to a scar on the left (1) thumb resulting from a 
glancing blow of tbe as years before. We are not told anytking fur¬ 
ther about the casting of the hands. 

Like the face ma^, the hands are records of Lincoln’s physique. 
Were they large in proportion to his height and angular build} If 
we can trust what people ImTo said about his hands, they must have 
been huge. For example, Volk makes a special point of describing 
Lincoln's handshake, using the following expressions: “Grasping my 
hand in both his large hands with a viselike grip” and “Those two 
great hands took both of mine with a grasp never to be forgotten.” 
Again we may ask, Was it the size of the hands, the strength of the 
grip, or a reflection of die Lincoln personality f We will take up the 
answer later and now go on with the story. 

Volk’s original casts of Lincoln’s face and hands, so valuable alike 
to sculptor, historian, and physical antliropologist, together with 
bronze copies thereof made by Volk in 1866, L^nme national property 
in i8S8 (0.S,?f.M- acces. Jfo. 2D034), Quite fittingly, their preserva¬ 
tion and public display in the National Alusoum in Washington were 
aided by another notable Lincoln sculptor—^Augustus Saint^Oaudens. 
The latter arranged for Thomas B. Clarke, Richard Watson Gilder, 
and Erwin Davie to serve with him on a committee to raise funds and 
purchase the relics from Douglas Volk, tlie sculptor’s eon. The com¬ 
mittee solicited subscribers, offering to furnish sets of the casta for 
sums from $50 to §85, depending on whether they were made of plaster 
or bronze- Ultimately the committee paid Volk $I ,600, raised through 
the following 33 subscribers; 
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Jknjnmlii Alhmn 
Beston Atb^hH^um 

J. Cailwaiad&T 
WtiHaii] Corej 
Th# Century Co^ 

Gcot^ \V. Qhim 
Tboituis B, Clarke 
Erwin Durls 
Alex. W, GrnkG 
George AL Edd j 

FVilrmant park Aesoclatbn, Phlla^ 
delphla 

Blcbnrd Watson GUder 
I. Jr Glessner 
John Hay 

K. W, Hinoper 
Welter Howe 


Henry E. Howlnnd 
B, Seott Hurtt 
noory imti^ 

P. J. Koonx 
EnO(rh Lewis 
K. J. Lyle 
J. W. ainelc 
rnyson litGrrltl 
S, Wetr Mlleheli 
Aiteii Tbomtlyke Rke 
Jacob ScbLff 
Bram Stoker 
F. SEJcosan 
Atipiatus Snlnt-Gandons 
Winiatn Tbom^n 
Alexis Turner 
J. Q. A. Wnrd 


It wna the desire of this group tbnt these importarit relics should 
be preserved and no longer tampered with. This wish has always 
been carefully respected. Incident ally, the authenticity of the mask 
is attested by Leonard Voikos affidavit as well as by the presence of a 
few hairs still embedded in the plaster at the teuiplcs. 

As has been said, Yolk cast the face in April and the bauds in Hay 
1860. On June 3 of the same yeatj the Chicago photographer Alex¬ 
ander Hessler made his famous portraits of Lincoln in Springfield* 
One of these, according to Jesse Weik (1^2), was “pronounced by 
Ml Herndon [Lincoln’s law partner] to be the best and most lifelike 
portrait of Lincoln in existence*” Twm of the surviving Hessler glass 
negatives, both unfortunately damaged, recently have been deposited 
in die National Museum, Tltesc negatives have been described and 
illustrated by the former Secretary of the Smithsonian Iiistitutioni 
Dr* Alexander ’VVetmore (1930), The casts and tlie photographs to¬ 
gether provide the finest original records of Lincoln at tlie time of his 
nomitiation* 


UNCOLN AND .^^LLS 


The last 5 years of Lincoln’s life—1360-^5—were devoted to 
the Nation’s highest political ofllce and were spent largely in Wash¬ 
ington^ The Civil War added to the usual strain of this office, Dur« 
iug these years, as Shutes lias remarked (ID33), “he aged with great 
rapidity,” We have Volk’s word that already during the Presidmtial 
campaign of 180(>—that is, between the time he sat to Volk for hk 
bust and when he left Springfield for Washington—he had lost 40 
pounds. His average weight was only 180 pounds; his stature 6 feet 
4 inches. After the election he began to grow a beard- Altimugh 
the greater number of pictorial representations of Lincoln relate to 
this period, there is only one other three-dimensional record com- 
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parable in accuracy to Voikos casts. In February * lB6^y just before 
Lincoln's fifty-siith birthday and only 2 months before his assassina¬ 
tion j another face mask was madcv Clark Mills, who was well known 
at this time in Washington, was the sculptor. His equestrian statue 
of Andrew Jackson in the square in front of the W^te House had 
been unveiled in 185S (Rutledge, 1942). 

Unfortunately, the circumstances surrounding the making of the 
second face mold are unknown. Quite likely Lincoln told Mills the 
story of bis sitting for the mold and of the discomforts involved. 
Lincoln could tell a story well. Also, it seems probable that Mills 
countered with assuroJices that such discomforts were largely avoided 
by bis technique- Perhaps he listed some of the famous men whose 
faces he liad cast. 

Mills was largely self-taught, so far as a know ledge of the sculptor’s 
art is concerned. In costing the face he showed much of the same 
independence of tradition that he exhibited in his other art work. Ae 
witnessed in Charleston, S, C-, in 1845, his caeting method was as 
follows: 

He Omt encasefl tbo bead Ln a tiabt cap aad tben (tbe hair bch]^ tfaos pat 
out of tbe way) spreads the paBUs [p^aator] oTor ibe caelii^, ttioreby cbcalo- 
|n^ tbe bead AH^ forehead with all their phrenolcatCAl dcTclt^pmeDts^ KemoT- 
for a while, Uie Beinnoat thus formecl thot It may bardon and cool (for^ 
althoufb tbe paste la at first wH, yet It tinder a phase of teaiTwrary hi?at) 
be fioon reptacea It* and prooeetls to I he completloa of the work by spreading 
Ibe paste orer the eatiro faest closing eyeB, moutb a ad earsp and lea ving only 
the nostrils open for hreatb^ The paste is Inudaurpng and Insipid, and prwluces 
DO unpleasant senaalloa; but, on tbe contrary, with the themiDiDeter at 00, Ls 
actually agteeahle and refresh! njg by reason of Its orielnal eootneaa. It anon 
banleaa arotmd Its nncleos, fcrmlng a facslmlte of every feature and mnscle 
and before the beating atage commeaces, by a gentle movement of the faelal 
mUseJeB, It Is broken Into tnere or less fragments, wbleb are cnngbt In u towel 
and recoidhlned at the lelanre of tJie artist. The whole operation Is over in 
M mJbates fRutledge^ 1040)^ 

Th 13 in a very di fferent method from the one u Bed by Volk. Whereas 
the latter built up the plaster over the face and allowed it to harden 
for an hour so that it could be removed in one piece, Mills kept the 
plaster thin over the face, allowed it to set for only 15 minutes, and 
then had the sitter break the mold into pieces by movement of the 
facial muscles. These factors, combined with the defects necesssrily 
Introduced by the recombination of the fragments, would dimini^ the 
accuracy of the reproduction. 

Available copies of Mills’s life mask of Lincoln stiggost that 
Mills was still using in 1865 the method here described as witness^ 
20 years earlier. For instance, the whole top of the hend is included 

^ [f VI cu rtplr Ml Ih* lDicHptl 0 ti carvwl m m* Flafc 3niTi bckit flf tlDCgla new In 
tbc Linfoln AlQtram la Wa^lngtOia, iht 44 tA ™ Febrtmrj 11. I'Uk mam Due al Clmtt 
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vriih the fuce, bwt Without any detail (is this the effect of the tight 
cap?)| the closed eyes am iu detaih but much of the face^ together 
\vitli tJie hair and beard, are somewhat blurred (is this the effect of 
reassembJiTig the fragmental). In spite of such defects, the fact 
remains that Mills's cast is a unique relic deserving of closer attention 
than it has roceired* 

In 188&, the year after the Volk casts were presented to the Govern¬ 
ment, Clark Mills^g son, Theodore A. Mills, presented a plaster copy of 
the second Lincoln mask to tlie National Museum (U-S^NAt* acceg. No. 
21843). The original plaster copy is said to have been owned by 
Joint Hay, at one time Lincoln's assistant private scrcetory; its present 
whereabouts is uncertaiii/ B. R. Wilsoii stated (1935, p. 263), with¬ 
out giving his source of inf or mat ion, that the piaster mask in the 
Lincoln Museum in Washington is the one once owned by Hay, and 
hence the originaL The I'ecoixls of the Lincoln Museum have nothing 
to say on this point, Tims, ^ far os now clearly establbhed, tlie mask 
in the National Museum has as good a claim as any to being tlie earliest 
copy in e:!tiiteiice. 

THE CASTS COMPARED 

Out of these historical considerations the following question 
uaturBlly arises t How do these two life masks, taken only 5 years 
apart, compare in details! In answering Uiis question we must re¬ 
member what Ims been said about the different tedmiqu^ uged by the 
two sculptors. Also tliat Lincola was clean-shaven when the first 
cast was made but later had a beard covering his chin and side cheeks. 

Comparisons of tlie accompany ing photographs reveal tliese facts— 
and moroi They show the same gauntneas, the same pattern of skin 
creases, the same prominent right lower lip; in other word% an aa- 
sciiiblage of details in each case producing the sirnie well-known ex¬ 
pression. Actually, the beard and the dltfcreuccs in the casting 
techniques seem to have contrihuted the niain moditications. 

On tlie negative side it is interesting to note the absence of any signs 
indicating that the original molds had been divided along the midiine 
of the face. Sculptore sometimes cut the mold into two equal parts 
before making tlie first positive impression, so that the mold can be 
taken off easily and used over again. Wlien this has been done the 
crack between the tw^o parts of the mold leaves a slight ridge along the 
midiine of tlie musk which usually can be detected even though the 

* thli wu wrltfcm Hi. m L. SEuitpIfil illti4tn.tpJ la Ufilorv ■ bn»D» 

of til# cait l&DTT QwivhI b; darenjce Haj of Nvir Fork. He lui tr?lil me bIao 

tbit lEK^inbcrr of Ibe* Baj ffimUy tmv A tacUsE ItUL uafortHQilteU, 

li tile dOcaiii«ntBtlQn to mIidw tiio In wbleb tbvtie copL-n win nui-do. Wo know 

obly that th* dfalb Of CTark MlUl In 100$ hlj vm* parlfJ wfctli two or thrw cople* of 
tbe Un^^ln muik, ftwol} to Colonel Hijr (lSaAi+ md uiothor to tbo m &- 

NatlotuJ IduAfUTO | |86>a}. Tht iwquencn tut tlia gUtm doea not n^eMarklr Indict# tie 
Hqncfica inonarBctiLr^. 
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sculptor has tried to obliterate iL Probably, therefore, Volk and 
Mills destroyed tbeir origitml molds in the course of making the first 
positive impressions. 

"When v?e next compare the details in the tiro versions of Lineoln’s 
face by anthropometric caliper, vre are confronted again by the mask¬ 
ing effect of the beard and by the limitations of the sculptor’s art. 
For example, the beard in tlie Mills mask interferes with the taking 
of the length and width of the face ^ and the incompleto casting of the 
ears makes it difficult to locate the borders of the ears. 

To tliase difficulties must be added another, namely, the scarcity of 
natural metrical landmarks on unyielding plaster casts^ Whereas the 
measurer, in working with the living face, is guided by the feel of the 
underlying hone, in working with the mask he cannot get below what 
was the surface of the skin. For this reason measurements made on 
masks are larger than the same diameters taken in life; they are sub¬ 
ject also to the measurer’s judgment as to where to place the cahper. 

These considerations should be taken into account in assessing the 
following standard facial measurements, \vhich I have obtained on 
the National Museum's precious masks; 


in mm., mm^ 

Total /ace height (cieifltoii-crliitoii} ... *.. . « 101 7 

LoTTcr face fmoiitaD-nasiO£i> + , , ^ ^ ^ ^ . 122 7 

Face brcJidth {blijgiilRatic) ^ ... ^ 118 ^ 

b^iglit« » » . « p . . . I. ^ ^ ■ « - - - ^ - 1 . 

^Obc bren'f] tb ^ d 3S 38 

l^lDDtb brcAdtli . , . i . « « ^ ^ ..*.* . 50 

Extcraal oculor width ... ^ ^ . 1G^7 102 

Ear length frlf^bt) .. 7"! 7S7 

Ear Im^h (left) ^ ^ p « ^ . 7B T 

Ear brendtb (right) ...................... 4S 4aT 

Ear breaOth (left).... 30 37? 


To appreciate better the difference between measuring the living face 
and a cost thereof we may take the two figures for mouth breadth in 
the above list. Hus measure is the extreme distance between the cor* 
ners of the mouth. In life the measuring point at each cornet of the 
mouth can be identified readily by the color change that marks the edge 
of the mucous membrane. Of course, this color guide, like the hone 
guide, is lost in the masks. The resulting metrical difference may be 
due to my faulty judgment, seconded by the blurring of detail in the 
Mills mask 

Attention ha^ been called already to the fact that the Mills mask 
includes, in addition to the face, most of the vault of the head. If 
tlus is a cast of the head taken over a cloth a practice attributed to 
Jill la, the surface texture of tliis part of the cast docs not supply 
Terificution. My e^mination of the specimeu, before 1 had read about 
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Millses technique, led me to belteve that he had modeled this part of the 
heod from measurements. I can believe now that, if a head east 
actually was taken, Lincolns coarse and unruly hair might have im¬ 
parted a lumpy effect to the cast and ^lills might have been forced 
to modify the surface, Also^ whether he reduced the diameters of the 
head beyond the surface of the compacted hair there is no sure way of 
telling. Thus, the following head measurements, which I have taken 
from the cast in the Xational Museum, are subject to this uncertainty: 



Jf Pi. 

Iflrh fri 

^[Qxlinyzq from glabella .k - - . 

210 

s^, 

brendlli (abi>Te ear«) . , ^ ^ -.. . . 

ITO 

S'Vn 

fpoaUloD ol iwrTu and bregma extlmnttd) .... 

Iffij 


CirtuDifE)r«Pce Co* for hatji ^ ^ ^ ^ . 

Bra 

22'lt 

Arc berwevD eflr opentogs over brrfmii.. . . . . 

Cephalic Liidpx ... ^ ^ ^ ^p ..... . 

3T0 

U>A 

SI-0 


For comparison with these figures we hnvo Herndon’s statement 
(Angle, 1949, p. 472); “The size of his hat measured at the hatters 
block was seven and one-eighth, his head being, from oar to cur, sis and 
one-half inches, and from the front to the back of the brain eight 
inches. Thus measured it was not below medium size.” 

Commenting on Herndon's figures, Nicolay reported (letter of 1895) 
that he and Colonel Hay “made as careful measurement [of the <aiBt 
owned by Hay] os we could, with the result that from ear to ear it 
measures 6^ inches, and from the front to the back of the brain 7% 
inches. It is diOicuU to arrive at exact measure ments, but tlie ones wo 
took applied to hatter’s block would give or 7% as the size of 
his hat. So you see it was fully as largo as stated by Herndon.’* 

We come now to the hands, and here again we are confronted with 
difficulties. In addition to those mentioned already, which for the 
most part apply here also, wc have to deal with flexed fingers. Pre¬ 
sumably Volk regarded this form of liand as being both artistic and 
easy to cast. However, the flexion of tiie fingers makes it hard to 
evaluate hand size. All the standard measurements of the hand are 
planned for the extended position of the fingers. Tilts being the case, 
we must improvise. 

The distance across the second to fifth knuckles (metacar^pha¬ 
langeal joints) smounts to 95 mm. on the left hand. The equivalent 
distance is not readily obtained on the right, but seems to be no more 
than 94 mm. The circumference of the right wrist on the hand side of 
the styloid process (the bony prominence on the siame side of the wrist 
as tile little finger) U 188 mm.; that of the left wrist is 194 mm. Tlie 
difference possibly is accentuated by the extension of the left wrist and 
the flexion of the right. 

A measure of the length of the fingers was obtained by stretching a 
steel tope along the back of each finger from the edge of the nail 
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to the apes of the metadu-pophalangeal knuckle. The results (in 
mm.) follow: 


7 Tr m rw F 

Rlfjit p ............... . sa 133 14S 133 1L5 

Left ... . . . TT¥ 13T US 141 llT 


To this may be added the dimensions of the nails of the left hand* 
Only on this side are the details dear e^^ongh to yield accurate results. 
The nails bad been cut moderately short. 

^eilM 





/ 

n 

m 

IT 

t 




...... IT 

15 

15.5 

13 

14 

BreacUh . . 



1 . 4 * - 1 « 1® 

12 

13 

1L5 

10. B 


So far as the hands have been compared^ there seems to be a con- 
siatent difference in s\zb in favor of tlio left hand- Yet we are told 
that the right was temporarily swollen^ In a right-handed indi¬ 
vidual, which I nm assuming Lincoln to be, it is unusual for the left 
hand to predominate in sim Nor am I able to account for this dif¬ 
ference i n the somewhat contrasting positions of the two hands. Prob¬ 
ably the asymmetry, although unusual, natural. 

UNCOLN AND THE POPULATION OF HIS TIME 

Up to this point we have been examining these unique casts and 
comparing them one with the other, simply as isolated records. Be¬ 
cause our first objective was to check one cast against another, the 
scale provided by the casts them&elves was sufficient. Now, however, 
we want to see how Lincoln’s physical dimensions rank in the popula¬ 
tion from which he arose. For this we need population figures to 
servo as a scale. Accordingly, at this point we will consider Liiicoln^s 
place in the American population of his time- 

It is hard to renlisse that Lincoln was born 144 years ago—in 1S09; 
it is harder still to' realize that his was tho first white genemdun bom 
in Kentucky, In 1775, only about 36 years prior to Lincoln’s birtli, 
Daniel Boone had successfully opened up the Kentucky area. Then 
toward the end of the eighteenth century the Lincolns and the Hankses 
had followed their friends the Boones and others down Iho Shenan¬ 
doah Valley, through the Cumberland gap in the Shenandoah Moun¬ 
tains, and up tlie ’VVildcrtiess Road into the heart of Kentucky. 

The people who participated in this movement were predominantly 
English and Scotch by national extraction^ We know tliis, of course, 
not only from die history of American colonization but also from an 
analysis of their names. As a matter of fact, most of the schedules 
of names recorded in the First Census of 1700 are still in eiisteiice 
(Bossiter, 1909). From th i s source we learn that the names “Lincoln^’ 
(in all its various spellings) and ‘‘Hanhs*’ are recorded for heads of 
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families 210 and 85 times, respectively; and that for all otlier members 
of families these names are recorded 9S7 and 177 times, respectively. 
There is every reason to believe, therefore, tiiat our I^eoin was a 
product of the seventeeutk-century Anglo-tiasou migration to the Kew 
World* The later descendants of this group have been called *‘01d 
Americans.” 

The physical clmmcterislics of the Old Americans were first dc- 
ecribed in 1!>2j by my predecessor in the National Mo^um, the late 
Dr. Ales Hrdliciai. His sample was drawn partly from Virginia and 
Tennessee and includes both inonntam and ioivland people. More 
specifically he felt justified iti indudmg in this group— 

tboae AiuerlcanE wiiose ancefitor^ MU «aeh siUe of tlie feanlly were bom la the 
tJaUed States fer at least two generativnn—la other werd^f, all tbofie 
pa teats m well as all four gr&ad];>dreats were bora La thJs coualrjr. The thin! 
native eenemtloM of adalta aioan^ rooKMy aa ancestry on eacb siUe of die fauiUy 
of at least ^ to 150 years American. As a mnUer of fact the mean ''nativity^ 
of tiioae eiaaitned was nearer the latter tbim the former hgiire and for the 
whole serJes it prchahly aurpnssea on average of 150 years, for there were manj 
who on one or both sides exceeded the mlnLmum reqairement of three genera- 
tlooo. In a large nmjarLty of cases the American ancestry of the one exoadned, 
whUe only three or fuur gtuetadonj* on one Eildi*, extended ta irom foux to eight 
genE^ntions on the other l and there were fairly numerous Insiances adhere the 
ancestry was pure natlTe on both sides for lour i^eneratlons, while oceasionaUy 
It was five^ six nod in a few caaea even seven generations tSrdllOha, IQ^h 

PIk4^.> 

Hrdlifkn’s sample of Old Americans dates from the 1920's. Thus 
it comprise elements of at least the second and third generations after 
Lincoln's generation. Although there is good reason to believe that 
the American population at large has been changing in its average 
physical characteristics over the years, probably not much change 
lias taken place in tliia particular group. On the other hand, 
Hrdlicka's samplo~less than 1,(M30 individuals—kavea much to be de¬ 
sired by way of adequate inclusion of all elements of diis widespread 
|x>pulation. This deficiency perhaps is reflected especially in the 
ranges of characters. In spite of this defect, Hrdlicka’s Old Ameri- 
cans is as near as we con get now to the population from which Lincoln 
arose. Therefore, wo will rely upon his figures for our main com¬ 
parisons. 

Stature -—-Lincoln gives bis height as “6 feet 4 inches, nearly” (letter 
to J. W. Fell, Deo. 20, 1850; for facsimilD see Oldroyd, 1S83, p, 482). 
That he was well above average in height is evident from Drady^s 
photogmphs of the President with his generals at tiie battlefield 
(Meserve and Sandburg, 1944). Also, there are personal recollections 
of ‘*hi 3 great height towering head and shoulders above them all” 
(Rankin, 1916, p, 297). 

Lmcolri probably came by this great stature naturally, as the saying 
goes. His father was 5 feet 10 inches; bis mother, B feet 7 inches 
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(Anglf!, lM9j pp. 13-14; Hertz, 1340, pp, 353-3&4), Ttieae figures 
(in inches) oomparo with tlio Old Americana as follows: 

, . , . jlBuofi /w OU Awtraii ftr Old 

Tlenoi XianiB /Uf tAtfttt C44t«hll jtmnna auitf ^infi Xlanffl ^ocr^ian AhhIh 

Wl) 

70 76 fi& fl or ea r 

fltugt Eat\^ 

ea 5-70. 0 S7, 3“69. 7 

In addition we liave tbe stature fibres for 3G4 CiTil War soldiers 
from the tliea Fourtli Congressional District of Kentucky, which 
includes Laruo County W'here Lincoln wag born (Basterj 1875), 
These soldiers, born about 30 years after Lincoln, averaged Ofl.2 inches 
and ware among tlie tallest in the northern army. Unfortunately the 
range of their statures is not given. We are justiBod in concluding, 
however, tlmt Lincoln's stature was at the upper end of the range of 
his fellovr Old Americans. 

Another interesting, but less direct, comparison is provided by 
the Old Auierican members of the National Academy of Sciences 
(Hrdlicka, The Academy waa ^tabliahed by President 

Lincoln during the Civil War to advise the Oovemment on scientific 
matters. Between the years 192G and 1933, Hrdlicka, himself a mem¬ 
ber of the Academy, measured 150 membera, including 100 who met 
his requirements, quoted above, for Old Americana, These 100 sci¬ 
entist a had a mean stature of 6S-4 inches, with a range from 01.7 to 
74.T inches. Lincoln’s height would not have been very conspicuous 
among the taller members of this select company! 

Weight. —Lincoln^ usual weight w as around ISO pounds (Oldroyd, 
1SS3, p. 482). Like most people of slender builds he did not get much 
heavier than his usual weight, although, as we have seen, he lost 
weight under stress. Hia father Is described aa having a ^^compact 
build’’ and is said to have weighed 105 pounds in the latter part of 
his Hfo. His mother, from whom he seems to have Inherited his 
slender build, weighed about 130 pounds at the age of 23 years when 
die married (Angle, 1049, pp. 12-14; Hertz, 1940, pp, 353-354). Here 
obviously our eompairteon is complicated by the fact that individuals 
may put on weight with age. However, of the three Lincolns probably 
on^ the father, Thomas Lincoln, was of a build subject to considerable 
weight change. Here again is how they compare (in pounds) with 
the Old Americans r 

1®S 180 150. 3 130 127,3 

PtBt* PtBff 

lltO“2lB.5 6a0“20e.0 


497,6 


453. a 3CK). & 34eL 5 


35Sl3 
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By this comparison both Abraham and Thomas Lincoln were above 
evicrage for their weight/stature. On the same basis Nancy Lincoln 
was helow average in weight/stature. All were well within the ranges 
of their contemporaries. 

Vandt of h£ad. —Becau^ of uncertainties regarding Mills’s casting 
of this part of the head, as already menlionedj I wUl point out merely 
that the figures for ttia^imitm length and breadth arc possible, but 
extreme as compared with the Old Americans. Thus the figures for 
length and breadth., 210 and 170^ compare with n^asimums for the 
group of 216 and ITO^ respectively. On the other hand, tho cephalic 
index derived from the Lincoln head diameters, Sl.O, is near the middle 
of the range for Old American males—69*7-90.0. The general shape 
thus represented may be fairly accurate, 

—Measurementa taken on the Lincoln face masks have been 
given already. However, as explained m that connection, such meas¬ 
urements are larger than the corresponding ones taken in life on die 
same individual. So in order to compare our figures with Hrdlicka’s 
Old Americans, the former must be corrected. 

There is no need here to go into detail about deriving the corrections. 
As it happens, the National tiuseum has a collection of face masks of 
individuals who were meastired at or near the time the masks were 
made* By comparing the series of measurement's made on the masks 
with those made in life, some average differences are obtained which 
constitute the corrections to ba used here. In addition, I have used 
my judgment in selecting the most reliable figures from those taken 
on the Linoohi masks. 

With this explanation I present a comparison of my estimated 
measurements of Lincoln’s face (in mm.) with tliose of the Old 
Americans: 
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Li viewing these figures the matter of ago eliould be kept is mind. 
Lincoln was 56 at the time the second mask was made. The Acade¬ 
micians were older when measured; on the average, 59 ^ars. But 
Uie Oid Americans in genera] tended to bo younger. The effect of age 
appears mainly in the dimensions of the mouth and ears, parts that 
are not supported by bone. The result is that these features usually 
get larger as age increases. However, age alone cannot be the cause 
of Lincoln’s relatively long ears, or of liia rather wide moutli. 

Lincoln’s face was large in other respects, but, ns figure 1 demon¬ 
strates, always well within the range of the population with which 


Totol foce height 

- 

Lower fqc^ keighf 


rac4 DrcEOufri 

Nose KeigSt 


No^e brcddtk 


Mouth breadth 


Ear height^ left 


Ear Woodth, left 



1 1 1 j 


10 20 30 40 


Ficm 1 —Eiilinitcd paition of Lioccstn’j fate dtmecsEOiii in the fin«t of (he Old Ameti- 
ciAi. mid horimniu Iti&tftsOId Amcflcmi mi ist^miptcd ta]it!i=0E4 Aincricant 

m NaUendl AtHtcmy gf Scmiveu. 

ho is identified. His large forehead lieight and face breadth across 
the cheekbones are especially noteworthy. Perhaps, though, these 
dimensions appear exaggerated because the face heights are slightly 
below average. 

It is interesting to note also that W'hereas Lincoln’s ear size is in 
(ho Upper part of the range of tlie Old Americans, his nose size, 
and especially nose breadth, is in the lower part of this mnge. 

One other point should be mentioned in this connection. If os© 
height, lower face height, and forehead height have one landmark 
in coiimion—Bo-called “nasion” at the root of tho nose. The location 
of this landmark dependa upon tiy ing to estimate the position of the 
nasofrontal autime in the underlying skull. When the observer lo- 
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cates nasion below its true position^ he increases the height of the 
forehead and correspondingly decreases the height of the nose and 
lower face. Of course^ the reverse is the case when the observer locates 
nasion above its true position. Obviously^ these circumstances under¬ 
mine the reliability of all measurements based on nasion. 

Noiv the above figures suggest that^ as compared to Hrdlicka, 
I have placed nasion low* Whether this is so, or whether Lincoln 
did have a lower-than-aveiaga face height and nose height with 
a relatively high forehead^ must remain in doubt. In spite of this 
and other points of uncertitmly'j it is remarkable how nearly modal in 
position Liucoln^s face measurements turn out to be when plotted 
as m figure 1. 

IJcmds ,—The difficulty of comparing Lincoln's hands metrically 
has been explained. Altliough we cannot tell directly how big his 
hands were on the scale of the Old Americana, we can get some 
idea of tbeir relative 9ii:e by using another hand for intermediate 
comparisons. My own will serve as well as any other. I am a little 
under 6 feet in height and my hand falls well within the Old Ameri¬ 
can range as the following figures (in mm,) show i 


length . 
Breadth. 


^4 

im 


0{4 Axuxrfnrti £E<fS 

(247} lt2,S Hauge: 172-223 
(247) G1.8 Range: 77-110 


Wlien I hold my hands in the positions of the cast hands of Uncoln, 
the distance acro@ the second to fifth knuckles is &9 mnir on both sides. 
This is only 5 or 6 mm* Jess than on the costs and probably would 
scarcely be noticed in visual comparisons. A comparable measure of 
Lincolrfs finger length—that is, from nail edge to the apex of the meta¬ 
carpophalangeal knuckle—gives him an advantage amounting per¬ 
haps to 20 mm*, as sliowu in the following figures: 


DlfllQ 

L^Ud or aflfiftt 
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Although the apex of the knuckle is not an exact landmark for linear 
measurement, the general metrical difterenee brought out in this table 
can hardly bo due to observational error. It Bcema quite likely, 
therefore^ that Lincoln had a hand which, like the rest 
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of his bodyi was long and narrow* As compared with the Old 
Americims his hands must have been in the upper part of the range in 
length (perhaps 21S-^0 mm.) and close to the average in breadth 
(l>erhaps B5 mm.). TMs relationship is shown graphically in figure S, 
Drawings and *hiie£ksiirements’* of Lincolifs feet were made 
on December 13, ISM^ by Dr* Peter Kaliler, the surgeon-chiropodist 
who later developed a fashionable practice in New York City. The 
drawings look as if they had been traced from stockinged feet. The 
“measurements-' are inscribed on the drawings without any indication 
of how they were determined. The figure “12^' appears in the toe of 
the outline of the left foot and the figure in tile right. It hm 

been assumed that the^ are rnajximutn lengtlis in inches. If so, they 



F2.~Ecl tm Atcd pocItiDn of Llncol n'l b^ad and foot dlmjenJElpiaj in thc^ rangci of Old 
AmericAnfl. Solid bort^ntfll tlnci~OLd Americans at larger biWmipt^ l]jiea = 0ld 
AidcncAnj m NiLidmal Aokdmy of Seiencei. 


slightly exceed the maximum figure recorded by Hrdtifka for Old 
American males (305 vs. 2BG mm. for the left). Maximum breadth 
13 not given, but it can be calculated from the drawing, assuming that 
for the left foot 12 inches, or 305 mm., is maximum length. In this 
way we arrive at a figure of 92 mm., which is well under the maximum 
(Hi mm.) recorded by H^dli^■ka for the left foot in Old Americans. 
The foot index (breadtli X 100/lengtli) derived fitiiu tlicse figures, 
30iS, is slightly below tlie range (30.7-^l,l) of Old American males. 
Altliough Iiiiicoln''3 feet thus may have been relatively narrow, these 
comparbons leave room for doubt that his feet were absolutely as long 
as Dr. KahJer*s Figures indicate^* 

*Aflfr tblj wtM vrltt«9, r to bATfi tli# LIq«d|ii prtMTT«l Id Xht UdcoUi 

MnHum, WABbltigtciD, cxLEnlonl bjf 4iti bhtH Attcr. ThJj 

the &f Stinl^r W. JtfcCIUTv, uilniADC thlrf, KAtiD^til Hrmorlil a ad HlRtarlC 

Sitrt, U. a. Departmeat Dt ihv Interior* lu ihr of J. W, Bogei^^ bujtr fat JnUui 

OarSiickFl a Ca. at W|*h|TiiloD, the LlDC4ln hootw ir« vlin 120, mmrdlas to tbp pmcHtfUl- 
iDtf ktiiadird. TUl* Kprani that LlimiD'i fwt liength warn Uttl^ If toy didit ttLan koebei. 
Mr. Rokcrm li at th* opiDlaD mUa that tbt ntlEnben an tbo KahUl^ (UAmak trfvr to 
oitemal iha« dlm^AiiooL *tm pwimt to Ik borne out t-r IhE dlsKaklOSi of thit iwrtlimlxi- 
pair at rtw*. 1 ttn rejHirt ftlio ital tb* iKndod moiKmiliiiL wbleh thfl UitEoriC*! 
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CONCLUSIONS 

The picture thiit emerges from these anthropological comparisons 
is the well-known one of Lincoln: a man of tall and slender build. 
But we see a little more clearljT that only in the linear dimensions 
was he unusual. He may iiave been long-bodied, long-armed, and 
long-limbed, but he was not otlierwise an orerly big man. £ven lus 
well-remembered handshake was not so much the result of his “great 
hands” as of his long hands. This bears out William Hcn:don*s 
description of Lincoln's physique (Hertz, 1040, p. 413): 

In aictisg down cm a coumion choir or hend] or ^roond, he trom the top 
of hlfl head down lo his ao h^tt^r than the oTcmse mnn; his atid 
were* aa c^empored with the aTcrn;?c mnn, ihnrtrtaally* unDatnmlly long* thotigh 
vtrh^Tk cojtipnmd. io bifl own organLam* the whole pbjBlcal mnn, these orsutis moy 
he^e been in hetrrnony wSlh the raari. His arms aad band?, fMt and legs* seemed 
to me, as eomfuired with the average man, In nndue proportion te the balance: 
of hla body. It was only when linccto rose on his feet that he loomed up above 
the mass of men. He looked the giant then. 

A stJiture of 6 feet 4 inches h not generally tlioni^ht of in the United 
States as esetraotdinary^ yet statistically it is fairly uncommon^ for 
it is to be found in only a small fraction of 1 percent of the male 
jjopulation. To Lincoln, the politicianj this meant that he would be 
conspicuous in any ordinary assembly. During Use Lincoln-Dougliis 
debates, for example, an audience might not have recognized Douglas 
immediately, but they could not miss Lincoln—or forget his height 
and build. From this remembrance of linear bigness it was easy to 
slip into exaggerations of other body proportions, especially if one 
had come under the spell of Lincoln’s pensonality and mind. 

The precious replicas of Lincoln’s face provided by Tolt and Mills, 
and preserved in the Sfalion's Capital for all to see, are the most 
reliable of all such reproductions so far as now known* Unquestion¬ 
ably they provida sure evidence that from the physical standpoint 
Lincoln was a fairly typical member of the American pioneer stock. 

The meaning of other details of these masks, as, for instance, the 
skin folds and facie I a^ymmetriea, may be read with less cert-ainty 
and even with more or less conscious bias. In this connection atten- 

Ilodfrtj ohlulEied: rtcHitlj Kt tbe ule of tho Bjtrretl-LfDroLD Iiatv u4>fl^ffT]rp{] 

for mf bj t>f. Paul If. Anflr* areJ dJrwt&r, InpeitlBf ilrlo* tut to 

diawMrat lonethi. Dr. AqeIi dprfdi^ 11 Intlit^ Wfti the* IfnpEh of fool idopI Ulwiy tR 
hHVfi! bPH^n ^ratortiiblv RoooinmMjRteHd Id Ibo left moWAillL {P^rtonal eonLuiDnlicitlcin 
Tiovcinbor 13. IBSt) 

SubfiltullDE til* lljnare 11 for EdlD.I IR t?W coleiilitlfuai oatUUed Bbor**, Cft i 
foot brfAdtb Of S# tnnir And a foot IndEV of Sfl.] for IjItiCoIii"* kft foot. Thli foot brEadUi, 
■P thOwR Id asnrv ^ !i Jnot nhOf^ th* lfltll.lBium (12 > for Hrdllfiri'f Old AdnlCIIDlL 

Dr. Louli A, W*r»n. direetor of tbs LtDroTn KiUoRfil LIfE FounildtI db^ Fort Wt^n^. 
lud-. hit mllMl mj BtirDEtoa lo ii^nrfpaprr ellpplTiAH Id tbo to]|r*tlon of tb* FoandAlloD 
BliOWlDs rMthrr (IlffEttat ontllnn (^ilimtd lo h* of liQ-cola’A f«t. Tbit lua^ 

EHti tbit cbo ontlliM pmbllkbcd hr KiUfr mar b# A BomRwbBt tmotbEd-DTit TcnriDR af 
030 Oll^Dfl] trACiBf. 



436 AKNVAL REPORT EMITHSONUOT INSTITimONj 

tioR is called to a recent {1952) study of the Volk mask by Dr* Edward 
J. Kempf in which the foUowing statement appears (p. 4): 'There is 
an unusual depression in the forehead of the mask, with a palpable 
edge, near the midline above the left eye. This deformation indicates 
the place of fracture of [Lincoln's] skull,” On this subjective and 
hence sl^aky premise is then erected an elaborate neuropsjchiatric 
edifice in explanation of Llncoln^s appearance, habits, and character. 
We are not told how far removed from the original mold was the 
particular mask which was examined, or why in cgnlarities in the skin 
surface can only represent a fractui*e of the underlying hone. For 
my part I am unable to detect anything in the copies of the Volk and 
Mills masks in the Xatioiial Mu^um that I would interpret as evidence 
of fracture* 
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Full-Face and pfioriLe VIEV/S of the matronal museum's plaster copies of the mills L^FE mask of Lincoln 
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The Use of Music in the Treatment of the 
Sick hj American Indians' 

By FlELLPfCES Dcnsmoke 

Buretm of Amcrictm Eikrtftlagy 


LWEtli 4 T^lfl ml 

Two tDetliods of treating the sick were used bj the American In¬ 
dians In early days and are continued to some extent at the present 
time. One method inTolves the private ministrations of a doctor or 
medicine man and the other a public oeremony, conducted by a num^ 
ber of doctors, attended by many people, and often continued for 
several days. Music is an important phase of each method and con- 
flists of singing by Oie doctor or hig assitants and the ^king of a 
rattle or beating of a drum. The songs used in these treatments ore 
said to come from supernatural sources in ^‘dreams*^ or visions, and 
with tliem come directions for procedure and a knowledge of the 
herte to be used. 

Both methods were seen and described by tlie Wltite men who first 
went among the Indians, but a study of the songs vi'os made possible 
only by the recording phonograph, which came into use about 1890, 
The study of recordings of Indian songs may be compared to the work 
of a chemist in his laboratory* By this means the structure of the 
melo<ly can be determined and the song transcribed as neatly as poa- 
sible in musical notation* 

Anotlier factor contributing to out understanding of Indian medi¬ 
cal practice is tlie development of educated interpreters with a knowl¬ 
edge of both Englisti and Indian idioms. The mi^ionaries were the 
first teachers of the Indians, and among the first English words 
learned by IndiaDS were those connected with tlie religious teaching 
of tlie i^eriod. Such words were applied to many Indian customs that 
the Wliite men did not undarstand^ and the terms “superstition” 
and “witchcraft os well as words of highest apiritunl import, were 
attached to Indian customs. These terms became permanent and, to a 

^ R^prKnlPd bj ptnnlfiloa. tnm '^bvIc uh! If Stnrt New Tort 
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Inrge extent, have influenced the White man^s opinion of the Indian. 
Similiarly the term& **music^' and “singing^' were applied to Indian 
performances. Thc^ did not please the White man, and there is still 
a reluctance to regard music as an important phase of Indian culture 
worthy of onr conaideratioiip 

Early etlinologists atteuded the healing ceremonies of the Indians 
but did not write of individual treatment by the Indian doctors. The 
first ethnologist we shall quote is the Eev, Clay MacCauley^* who went 
among the Seminoles in the w i liter of 1880-81. He attended the annua I 
Green Corn Dance and heard a ^"medicine song** which was sung as 
a certain medicine was dnmk^ the belief was tliat unless one drank of 
it lie would be sick at some time in the year* MacCauleys Seminole 
informant refused to sing the song for him after the feast^ saying tliat 
he would ‘^certainly meet with some harm^* if he did so* This refusal 
shows an early connection betw'een music and health* MacCauley 
stated clearly that he did not know* what part incantation or sorcery 
played in the heal jng of the sick* One of the most important papers by 
early ethnologists is “^The Mountain Chant: a Ifavajo Ceremony,”* 
by Dr* Washington Matthews, The auilior selected the mountain 
chant from among other Navajo ceremonies because he witnessed it 
the most frequently. Like oilier great rlte^ of the Navajo, it was of 0 
days^ durution. The shaman, or medicine man^ wlio was master of 
ceremonies, was known as the chunter, and the ceremony was “ostensi¬ 
bly to cure the sick.” Tlie myth concerning the origin of the mountain 

chant (Dsilyldje QacM) relates Hint ^‘maTiy years ago_the Kavajo 

had a healing dance in the dark corral ■ but it was imperfect, with few 
songs and no kethawns or sacrificinl sticks,” Dr. Matthews describes 
a ceremony that he attended on October 1, 1884, at a place on the 
Navfljo Reservation about 30 miles northwi^st of Fort Wingate, 
N, Mex«^ aiid he presents descriptions and ifhistrations of the four won^ 
dorful pictures on sand (dlrypaintinga) that were used on that occa¬ 
sion. The patient wfts a middle-ag^ woman and the treatment 
included “prayer, song and rattling,” No infoimation concerning the 
song3 or the form of the rattle 19 presented. 

A mnarkable study of the mdividual treatment of tha sick, in con¬ 
trast to the ceremonial, was msde by James Mooney,* who collected 
in 1887 and 1883 about 600 sctcrcd formulas of the Clierokccs. The 
original manuBcripts were transfen^ed to the Bureau of American Eth¬ 
nology* These manu^ripts “were written by the shamans of the tribe, 
for tJseir own use, in the Cherokee characters invented by Skiwi^ya 

*1" Indiana of morteU. aUi Alan. Kcp. Bur, Amct. Etlitigt 

■5tli Ann, ftfrfi. Rar Anifr, BlhinaL pp. 3Te-JS7, 

Ch.rek«^ Tth Aon. nep, But. Atoer. Ethnol. 

IIBSQ-UB], pp. 301 -£&Tt I9fl2. 
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{SeqDoyah) in 182L Some of tlieso manuscripts are known to be at 
least tliirty years old, and many are probably older.” EleFen of the 
formulas are for the treatTneut of the aiekj and the use of songs is men¬ 
tioned in connection with tlie treatment of snake bite^ ^41ie great chlU^' 
(intermittent fever), and an ailment which “from the vague descrip¬ 
tion of symptoms , . . appears to be an aggravated form of bilious¬ 
ness.^ Tile formula for the treatment of chill ^'begins with a song of 
four verses, in which the doctor invokes in succession the spirits of the 
air, of the mountain^ of the forest, and of the water/^ In a serious 
case the doctor follows tlie song with a prayer to the whirlwind 
‘‘which is considet'cd to dwell among the trees on the mountain side, 
where tlie trembling of the leaves gives the first intimation of its pres¬ 
ence.” The doctor directs the whirlwind scatter the disease as 
it scatters the kaves of Urn forest, so that it shall utterly disappesir*” 

Mooney found that *‘like most primitive people the Qierokees be¬ 
lieve that disease and death are not natural, but are due to the evil in¬ 
fluence of animal spirits, ghcksts or witches.” He quotes Hawood,'^ 
who stated that ^^in ancient times tl^e Clierokees had no conception of 
anyone dying a natural deadi,” and presents a Cherokee myth concern¬ 
ing the origin of both disensa and medicine. Accord ing to this myth, 
the animals and all hviiig creatures iivere happy together until man 
came and began killing tlietn for food and elotlung- They then held a 
council for their safety and protection h The decision was that each 
group of animals should inflict a disease upon man. The deer resolved 
to inllict rheumatism upon every hunter who killed one of their num¬ 
ber w’ithout asking pardon for tiie offense. They ^nt notice of this 
resolution to the nearest settkinent of Indians and told them how to 
avoid giving offense when necessity forced them to kill one of the deer 
trilie. The plants were friendly to man and determined to defeat the 
evil deoigiii of the animals;. ‘‘Each tree, shrub, and herb, down even 
to the gnisscs and mosses, agreed to furnish a remedy for some one 
of the diseases . . . IVhen the doctor is in doubt w hat treatment to 
apply for the relief of a patient, the spirit of the plant suggests to 
him the proper remedy.” 

To such t^liefs tlie student finds parallels in recent times in widely 
separated tribes and in customs that the Indians follow without giv¬ 
ing any reason for their observance* The Papago in southern Arizona 
told the w riter of their belief that every disease is caused by an ariimal 
or spirit which imparte the secret of its cure to a favored doctor, A 
song is taught to him as an essential part of the treatment- Among the 
Algonkins it ia still customary for a doctor to put tobacco in the 
ground when he digs a medicinal herb and to “talk a Httk,^ asking 
the herb to help the sick person. In the old days a hunter apologized 

JdhflH Kftlural Md aJbotts^n^t ft Tena™«. pek SflT-affS, 1S33- 
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to a a animal before killing it, saying its flesih ^as needed for food. 
The belief in a nature that was friendly to man has always been strong. 
The Indians did not have the Tiniite man’s idea of “conquering na¬ 
ture.” Mntiy offerings have been construed by White men as propi¬ 
tiation when, to die Indians, they were simply gifts to a friend. An 
esrehange of gifts is a common custom, and the Indians acknowledged 
thus the bounty of nature. Careful interpreters have explained to the 
writer tliat the natire term did not suggest anger on the part of the 
spirit to whom the gift was offered. Tiiis harmony between man 
and nature may seem apart from our subject, but it is important to 
an understanding of Indian therapy. It was the desire of the Indian 
doctor to restore what he beliered to be a natural condition of health, 
strength, and long life, such as he saw in the natural world, Tlie In¬ 
dians believed in the existenoe of evil spirits but also believed that the 
medicine men had power over them. Tlie laity did not attempt to 
deal with evil spirits. 

Botli the individual and ceremonial methods of treating tlie sick 
were studied among tlie Chippewa (OJibwa) of Minnesota by Dr. W. 
J. Hoffman.* Singing and the shaking of a rattle or beating of a 
drum were essential parts of both methods of treatmenL The sick 
man was first treated in his home. A member of the Midewi win would 
give him a medicinal broth, singing and shaking his rattle as the 
patient drank. Tlie songs of the Midewi win are represented by 
mnemonics, or song pictures; 160 of these were collected by Hoffman 
with translations of the words, and IS were transcribed in musical 
notation. Typical of the words are “The spirit saw me and gave me 
medicine from above” and “It is also on the trees, that from ivhicb I 
taka life.” If this first treatment was not successful, the sick man 
would be carried to tho lodge of the Midewi win and treated by a 
number of its members in a ceremonial manner. If his condition be¬ 
came hopeless, the singing was generally continued until life was 
extinct. Since health and long life, as well as a right mode of living, 
were among the teachings of the Midewi win, this extensive use of music 
is important to our subject. 

The writer began her study of tho Midewiwin and its songs in 1907 
by attending a ceremony at Onigum on Leech Lake, Minn. This 
ceremony was conducted for Flat Mouth, the last hereditary chief of 
the Pillager band of Chippewa, who was very ill. His condition had 
been pronounced hopeless by the government physician, and he had 
nsked that the native treatment be permitted, Tlie request was 
granted. Eight memb^ of the Midewi win were summoned and 
sang In Fj at. Sfoiith’s wigwam for several days and ni^ts. As ho 
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fihowt’d no Improvemeat:, a cemnotij of the Midewiwm wi:is imtituteiL 
Flat Mouth was carried outdoors and placed in the center of an en¬ 
closure formed of low branches of trees. Tliere the doctors of the 
Midewiwm moved around him , singing their songs and ministering 
to him. The writer stood outside the enclosure listening to the songs 
for many hour& As the end approached. Flat Mouth was carried 
into his wigwam, and in a short time the firing of a gun announced 
the passing of his spirit 
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KlimiKifdO^ wl£ii'_ ______ ____I IIlu oiitklii^ you a spirit. 

A few weeks Inter the writer returned to Leech Like with a phoDo- 
grapli to begin her work of recording Indian songs for the Bnreau 
of American Ethnology. There she met Ge'' miw"finflc' (bird tlmt flies 
through the ram}, the aged member el the Midewiwin who had charge 
of the ceremony for Flat Mouth, She asked whetlier he would record 
dome of tlie songs heard at that time- He replied that he was so over- 
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coni6 during the last hours of Flat Sloutli^s life that he could not recall 
exactly what songs were sung^ but he did record a song that he generally 
sang under such circmnstances (fig* 1). 

The flTitera study of the Itidewiwin and the treatment of tlie sick 
Was continued at T\Tiite Earth, Minn.^ where Hoffman had witnessed 
a ceremony of tlie society iti 1889* Cert^iin Chippewa rernembei^ 
him and aided the later work whicli continued to sotne extent his earlier 
research on the subject (Cf. p. 454) 

A certain class of Chippewa doctors are not of necessity member* 
of the Midewiwin* Tiiey claim to summon spirits and commune 
with them. Such men do not administer remedies but rather impress 
their patients by exhibitions of varioos sorts intended to show their 
magic power. They are commonly culled jugglers and are here desig¬ 
nated as medicine mem The Jesuit Fatliers met them early in the 
seventeenth century and called them ^*niagiciens ct consnlteurs du 
manitoif* (spirits)* In their demonstimtionfl they aro tiglitly bound 
and placed in a small conical tipi. Tliey sing, tJie structure sprays as 
though in a temi^est^ and Gtrango sounds are heard; these sounds 
are said to bo the voices of spirits communing with the medicine 
man. Xor has this custom entirely passed away. The writer wit- 
nefised it in 1D30 at Grand Portage, an isolated Chippewa village 
on tlie north shore of Lake Superior^ where for about two hours in 
the quiet of a summer evening the little tipi swayed as though a 
mighty wind were blowing* The next day the medicine man said 
tliat he had summoned the spirits to learn whetlier tliey would help 
him cure a certain sick man. Without that assurance he was unwill- 
itig to take the case* He added that the spirits “spoke loud and clear^ 
so he was sure his treatment would be successful. A day or two 
later a “beneficial dance'^ was held under his direction for the man, 
whoso illness had been diagnosed by a physician and a nurse as ^ap¬ 
parently typhoid feverThey told tlie man to keep quiet and re¬ 
main in The dance was held in an enclosure at his door, and a 
generous feast was cooked and served. Tlte writer attended the dance 
and listened to the songs, and about two weeks afterward she was 
informed that the man had recovered. 

At Santo Domingo Pueblo, N* Mex*, as among tha Clilppcwa, the 
private treatment of the sick may be followed by treatment In a public 
ceremony. Tlie healing customs of this pueblo were described and 10 
of its healing songs recorded in Los Angeles by a man from the pueblo. 
He said, “If the doctors who give herb romedica fail to help a patient, 
the medicine men of the Flint society niuy be summoned/^ This is a 
medicine society which goes into- retreat before a communal rabbit 
hunt and follows the retreat with a ceremony much like that used to 
liring min or secure good crops. The members of the society, usually 
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15 or 16 Id Dumber, go to the house of the sick man, amTitig early in 
die evening, Tliey shake their black gourd rattle and sing untiJ 
about midnight, with pauses for relaxation and smoking at intervalB 
of about eight songs. If the patient is a woman they may ques¬ 
tion her and ask her friends what she has done to bring on the sick¬ 
ness. Then they consult among themsolvos as to her condition and 
chances of recovery. There is much ceremonial procedure, including 
the making and effacing of a meal-painting (*^altar”) on which cer¬ 
tain ceremonial articles are placed. The medicine men “call on the 
birds and animals,” whose voices are distinctly heard. They look 
in a crystal ball and make use of a special song with these wo^s: 

I am to cure yoa 

I will fiuct oat wbat is hiirdoj? you, to cure jon. 

Tbo thlDgis 1 B hflU out are the LbSn^ that arc your Blckuesa^ 

Xow I take Miither-Ucar atiiJ put bar uiulcr my arm 
As I get ready to loot In the cryatal, and 1 will help you. 

Help U3 all 
Thank you. 

“Mother-bear^^ refers to tlie ■'bcar-puwg.'^ or wliicb the 

medicioe mm puts ov&r his hands. They consLBt of tha skin of the 
forelegs of the bear^ with the paws. It is said tJiat tlie people *hiever 
deny W'hat a medicine man says he sees in the crystal'^ 

We have dwelt somewhat at length of the circumstances nnder 
which the Indians sing their healing songs. Let us now consider the 
men and women who sing them and the uharacteristics of the song^ 
I have known the Indian doctors in many tribes^ from British Co¬ 
lumbia to Florida, and the acquaintanee in some inatances has con¬ 
tinued for several years. Without exception they were quiet^; conserva¬ 
tive men and women, constituting a deGnite type and respected in 
tlieJr several tribes. They prepare theraeelves for their calling by 
a fast in which they receive their Mrcam’’ or vision, and they live 
strictly in accordance with the requirementa of tliat dream. They 
do not take part in social affairs^ but tliey are not antagonistic to- 
war<l them. Doctors do not expect to be understood, nor do they 
seek companionship. A doctor^s wife is usually his principal helper. 
Through this isolation comes a deepened sense of companionship 
with all living creatures and an aw'ai^ucss of nature in all its 
nxanifestations. 

Three women wlio wer© engaged in the practice of incdicihe told 
me of their wort. These were Owl Woman, the Papago (cf. p+ 450), 
Susie Tiger (a Seminole of tlie northern or Cow Crt^ group living 
in the cabbage-palm country) j and Mrs, Washington^ of the Northern 
TTtc. Susie Tiger recorded five songs which slie was using in her 
treatment of the sick. These btcladed songa for lumbago, for a sick 
baby, for bringing a child into the world, a song addressed to the 
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“wUJto suri-Iady^” and a song nddre^d to the dying in which she 
besought tho spirit to turn back before reaching nine ditferent places 
in the journey. Mrs. Washington gave no material remedies, for she 
claimed to have supernatural power. Her specialty wus the treat¬ 
ment of illnesses caused by an evil influence proceeding from aome 
person. She rc<x*ixled six of her songs and said that aha usually sang 
them when the sun was at a height corresponding to its position at 
about 10 o^ock on a summer morning. 

Indian doctors were primitive psychologists. They studied their 
patients and did not always consider it necessary to nuwlieme. 
In Santo Domingo Pueblo it was believed that personal jealousy 
might cause lUn^, and in a certain northern tribe the patient was 
sometimes told to ^^get up a dance and have a big time^ and he would 
be well again, Tlicre has been also a distinct feeling that such treat- 
ment deserved a fee. Natawika, a Menominee doctor^ said, 
medicine will not work unless they pay for it,*’ She had no fised fco 
but required the patient to give what be able—perhaps a little 

tobacco, a handkerchief, or about four yards of calico, Natawika 
died in 1®18 and this inlotiiiation was supplied by her daughter 
Eagle Shield^ a Sioux doctor, described a case for which he received a 
large fee consisting of SlOO, a new white tent^ n revolv'er, and a steer. 

It has been said that primitivo treatment of the sick J3 chamc- 
terissed by aSirmation, I have found this practice less frequently 
in the words of the songs titan in the doctor’s speech before begin¬ 
ning the treatment. At that time he often tells the source of his 
power and sometimes relates his former successes. The source of Ids 
power is generally a bird or animal known to Imve great strength, 
or something in nature that is connected with vibration, such as the 
wind or the “great water’* when it is shilling and in motion, or a 
mountain shaken witli mysterious “spirit power/* An example of 
aiSrmatioQ occurs in a cerenionial song of the Chippewa Midewiwin 
containing these words: 

Ton wUl recover^ yoa will walk ai^ln. 

It la 1 who aaj It* Ifr power Is great. 

Through oor white Phell f emblem of the Htdew^wia) 

I will eaabJe you to walk nfialn. 

Thenj are differences of custom between tribes and l>etvvcen indi- 
vidnal doctors, but the prevailing ebaracteristic of Indian liealing 
aongs is irregularity of accent. Sometimes tUia takes tlie form of 
imeipectcd interruptions of a steady rhytJim and sometimes there is 
a peculiar rhytlmiic pattern tlirougboiit the melody. It is my custom 
to transcribe the pbonogrtiph records of Indian songs in musical no¬ 
tation, using ordinary mdications. Tims the tmiiscriptiona contain 
frefjuent changes of measure lengths, Indians nevor ^^sing with ei- 
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pression”; the singling of aa Indian doctor is entirelj monotorious. 
By this manner of presentation the rhythm is Lmpressed on the mind 
of tlie patient. The rhythmic pattern holds Ids attention and^ in 
some instances^ may bo somewhat hypnotic in effect- Certain healing 
son^ are sung many times, while oUiets are sung a definite nimiber 
of timeSf nsiially thxee^ four, or live- Some doctors have songs for 
beginning and ending a treatmenti and others have special songs for 
eacJi of the four divisions of the nights Such details of procedure are 
in accordance with the instructions received by the doctor in bis 
dream. 

Songs used for treatment of the sick have been recorded by the 
writer in the following tribes and in British Columbia: Cheyenne, 
Chippewa, Hakah and Clayoquot {at Neah Bay, Waglu), Menominee, 
Papago, Seminole, Sious, Northern Ute, Winnebago, and Yuma. 
Healing songs were also recorded by Tule Indians i^m Panama 
and by Indians from Acoma and Santo Domingo Pueblos.^ Except for 
a few British Columbian and Tule songg, the recordings were made 
by doctors who were using the aongs in tlieir treatment of the sick. 
Many songs of the Chippewa Midewiwin are connected with ccro- 
monies believed to benefit or cure the sick hut are not songs of in¬ 
dividual doctor^ related to the treatment of s[>Bcific diseases, acci¬ 
dents, or physical conditionB^ Tliey are accordingly omitted in Uie 
folio wing analysis, wdiich is limited to songs used definitely in treat¬ 
ing the sick- Tlie total number of such songs recorded and tran¬ 
scribed in musical notation is 197; many others liave been studied and 
were found to bo similar In gtructure. 

Mention hag been made of a change of accent, or iriNsgular rhythm, 
in many Indian songs for the sick. A tabulation of these 1&7 song9, 
from 14 localities, show's that such a change occurs in 173, or about 
S8 percent of tlie number^ In a similar analysis of 1,510 songs of 
all dosses, from many tribes, only 83 percent contain a change of 
accent. In many Indiaii performances there is a difference in the 

^Tbi« studj of m-UFtne \fL foUowlnf trIbH did mat laclnde iDiaRjl for tb? ftEct! 

Anpoha. CbOrtjiw, Cocoim, ITEdntAaH AHUeIOh 

Odd Cocblti PD^blofl. Nor wem HDgfl af tbli dan lodad^d Id rccviaitifii Cf ladLjm ioq|^ 
■WTnrrd *t Anvilt; AlojU, by Dr. Hrd][ffci Add to Ih^ Bnrtmu of AiootIbild 

Iro^iDDtm rorrraoDlal Kncn rreonSn] by J. N. B. Tfrwltt. TbO Itudj Of 
CheyctiiM?, AripnItOp Add Moldu mu&te Kod Ukit nt San to Dt^mlRirD Pilt^blO wai liinder tbe 
ftuJIplcH of the SoDthwnC Miueiita of Loi .Aojipetn, CjUU. A portloQ of tbt* retOrds IOOlT 4^ 
for llie- Southwefit MitPeiuD were pmeoted td CfiO n^iiTAtl of AoirrlcoD Etbnotoirj After 
beltij? trmiLiCTibrd. The roTtiftintleri oad idBO the rveordv midir lot the Rtoto mfll;orJM.| 
Society cf North DakotB^ were retnSdrd by tho apoelmti of the oDdcrtAhlajrA after the 
WOriTi iLBd breft ud rapleji inide for the Onfritt. Tbr i^rlter'o TC<ri>rdlD^, 

COtnprtiloE tnOre thnn 2, EDO oodm CODftltUtb tho SmlltlLBODljLii-ncotniofv ct}Urctl0i3 ot 
IgdlAtL iDDg rv4nrdlOi^ They were trUBferred to the NitlonJll Afehlveg la lOtO. where 
the>jr werei CntnlOAed odd whcrtr itt wrott A huidbfaolt of the rollegtloa Ih 19^0 they 
IfAdeferred to the Ubrmry of OonEres^ itid »be! hit bobj!! thAt ire now bclnff 

iMtled io A neiieo of lO lane^kiy tif rGoondA^ each ■ toomtnDied by n dcMlip’Ure pniaphlet. 
There are irwllible to the dahllt. 
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metric unit, or tempo, of the voice and accompanying instrument, 
but this does not characterize the songs for the skk. Only M of 
these songs were recorded with accompaniment, but the metric unit 
of voice and accompaniment waa Uie same in 24, constituting about 
70 percent of the number* The accompaniment was faster than the 
voice in sis and slower in four song^ A email drum was substituted 
for the usual rattle when recording these songs. As one purpose 
of Indian healing songs is to quiet the patient, a tabulation was made 
also of the tempo of the 1^7 recorded songs. This shows that fiO songs 
were sung slowly {J=40 to J“104) constituting SO percent of the 
number. In a previous tabulation of TlO songa of aU classes in three 
tribes^ the largest groups have a wore rapid tempo (J-T6 to 
The latter may be considered the general tempo of Indian songs, 
though many are much more rapid. 

The foregoing analysis shows that the eharncteristics of recorded 
Indian songs for the sick are irregularity of rhythm in the melody, 
a slow tempo, and a coincidence of voice and accompaniment As 
the songs under consideration are typical, it is believed that the results 
would he the same if the analysis included a larger number of such 
songs. 

liie ownership of a song, as indicated, was with tlie man or woman 
who rcceiA^ed it in a dream. Others wiglit know the song and be 
asked by the owner to sing with him in order to add their power to 
his in a case of serious illness, but they could not use such songs with 
authority unless granted that privilege by the original owner. He did 
not relinquish his own use of the song by tliis action. Among the 
Menominee and. in some otlier tribes there wag a rule that a man seek¬ 
ing to buy a song and its manner of use must make the request four 
times, on consecutive nights, and that each request mu^ be accom¬ 
panied by a gift, Tlie owner would then teach the song, explain its 
uge, and show a specimen of the herb to be employed with it. He did 
not transfer the plant; this the inquirer had to identify from memory 
and find for himself 

Two tjTJea of Cheyenne doctors in Oklahoma have recorded their 
songs for healing tlie sick* Tlirse are Bob-tailed Wolf, who received 
his songs and power direct from supernatural sources, and Turtle, 
who abfained most of his songs from an older doctor, and received 
only ono song liimself. Tliat song was taught to him by a spirit 
buffalo. 

Bobdailcd Wolf treats all forms of illness. Power has come to 
him In many dreams^ but the first manifestation was connected with 
an esperience in a thunderstorm* Ho was traveling on horseback 
when the storm aro^. A bolt of lightning knocked him unconscious 
and killed his horse. On the fourth night after this occurrence he 
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hud a dream in which he was told how to treat the sick. Tlie day 
was clear when he recorded tliat song for the writer, hut within on 
hour the rain was falling heorily. He said this always happened 
when he sang this song. The word ^‘grandfather’* occurriDg in the 
song refers to the thunderbird. The song may bo translated: 

Mj grandfatli^r has com# to ^ me ond taken pity on me and eiven me tMa 
power* 

jVnother song recorded by Bob-tailed Wolf refers to the sun as 
grandfather,” Witli his songs he u$es a rattle made of stiff raTphida; 
a face is painted on one side^ the handle is wrapped with deerskin^ and 
formerly a buffalo tail was attached to iL Bob-tailed Wolf is a 
prominent member of tlm Peyote organization {Native American 
Clinch) and was photographed in his costume as a leader in its 
ceremony. 

It is interesting to leam that a man holdii^ such a high position 
and allied to such sources of supernatural power is also a man who 
"understands what babies say" and treats their small ailments* Bob¬ 
tailed Wolf says that when he is treating sick babies they tell Inm 
where tliey feel bad. Fie received his power with them in the fol¬ 
lowing manner: One day he came upon a covey of little plo\'^rs 
hardly old enough to walk* lie was about to take them away when 
the mother came and said, "Indian, don't take them; I love them and 
they are so pretty. If you will spare tliem I will give you yiower 
to treat sick babies.” He accordingly refrained from taking tlie 
tiny birds and their mother told him to use water in treating sick 
babies, instructing him to apply it to their bodies and to use it without 
herbs. What appear to bo words in his song for tlie babies are not 
real words and cannot be translated- He uses the rattle described 
above. 






FeCuM 3-”^CiKyenne wag for iSdt bjblcjp recorded by BoE3~tiUcd Wolf. 


Turtle, the other Cheyenne doctor, learned his songs from Drag¬ 
ging Otter, who liad received them from an older doctor* His per¬ 
sonal song, received from a buffalo, is sung "when the spirit of a sick 
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person is in danger of departing.’^ He aays that when he sings this 
song, young bufTnlo stands in tlio way and tries to keep tlie spirit 
from going away*” After recording the song lie made a sound of 
Tiolent blowing in imitation of the buffalo; he alw a}^ does this after 
singing the song for a sick person. 

The Omaha treatment of a boy wounded by a pistol shot was wit¬ 
nessed by Francis La Flcache in liis own boyhood** Tlie “buffalo doc¬ 
tors” were summoned^ and four leading doctors in succession sang 
their personal songs and administered tlieir personal remedies. About 
20 doctors, including 2 women^ then joined in the songs. The 
treatment continued over a period of 4 days and was followed hy a 
ceremony of recovery and the distribution of many gifts. It is said 
that the boy recovered in about a month. Two of the songs used on 
this ocftision were published by La Flesche in musical notation. 

Mention has been made of the Indian belief that spirit-animals cause 
various illnesses This belief was found in a particularly interesting 
form among the Papago of southern Arizona, who included among 
causes of sickness the spirits of dead Pupago and of Apache slain in 
war. About SO healing songs were recorded in this tribe. The birdj 
animal I or spirit which ouusee a disease is thought to impart songs 
and instruction for its cure to a certain doctor* It is the duty of a 
aia^ticum, or diagnostician, to decide the cause of the illness and refer 
the patient to the proper doctor. Songs are so closely connected with 
the illne^ that the diagnostician may say to a man with sore eyes, 
“Your trouble is caused by the quail. You had bettor go to So-and-so 
who knows the quail songs.’^ If tlie patient does not improve, the 
diagnostician is held responsible and sends the sick man to another 
doctor. Sixteen diseases and ailments attributed to birds and animals 
were described, and son^ used in the treatment of 6ve were recorded, 
tliese being songs of the deer, badger, homed toad, rattl^nake, and 
brown lizard. 

A Papago doctor, Owl Woman, was living at San Xavier in 1921 
and treating sickness caused by Papago spirits. She u^ed songa which 
they imparted to her and she believed that the spirits with whom she 
communed were spirits of dead Papago who followed the old customsL 
These spirits stayed near their graves during the day but went to Uie 
spirit land at night, traveling a rood over which they had even taken 
her to that mysterious country* Many spirits had appeared to her^ de¬ 
scribed their experiences, and given her songs. These songs were sung 
by an assistant while Owl Woman herself was engaged in the treat¬ 
ment of her patient. Several pet^ns knew her songs, but she depend¬ 
ed On Sivariano Garcia, also a doctor, who lived near her and could 

*F]<-^htrK All» C,^ and L* Prnsdi, Th# OfrtatiA irOw, 27th Ann. Bar. 

MnoT, EttmoU pp. 17-flT2, Ipl U 
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be aummoned at any tim&. For an entire day Owl WonKUi directed 
him in recording Iwr songs for the writer. 

Owl Woman always b^an a treatinent with two songs given her 
by tho spirit of a man who was tilled near Tucson. As m many of 
her songSj the words are highly poetii^ The first song mn t 

Brown owls ccme here In the hlne evealEg, 

They are hooting ahoat. 

They oro Jhakliig their wings nnd hiHting^ 

and the second: 

How shall I heglti mj Bcng In the hlae night that 
is settling? 

I will alt hem and begin my song. 

After four songs had been sung she treated the sick man by stroking 
his body with a bunch of owl feathers on which she sprinkled ashes 
from his fire. The night was dirided into four parts, each with its 
own songs. 

Jose Psnco, a Papago doctor, has treated the sick for 12 years, each 
year represented by a notch in the handle of the gourd rattle with 








Ficojut 3*—P*pjip> h«Rlia^ wns, rcnTdrd by Jo*? Parteo. 

Sandy Loiim HDlda, oa top of Lbese E1 i1«t 
rirotbcr (Mfintctuina) (troDds and slnj^s. 

Over our bcoda tlie clomla are seen, downy white 


fcatben sathcred in a bunch. 

which he accompanies the songs. Panoo recorded several songs, among 
them a song with two verses that he received from his grandfather A 
deer gave this song to a hunter from Sandy Loam Fields, a native 
village, it is a gentle, pleasing melody and on excellent example of 
irregular rhythm. 

Not far from the Papago Reser\'ation, to the west, is the reservation 
of the Yuma and Cocopa. Cliarles Wilson, tlie leading Yuma doctor, 
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pecorde4 four songs that he used in treating men suffering from gun¬ 
shot Wounds in the chest. £ach song has a special purpose. ith 
the singing of the iirst song he esiiects the patient to rcgwn con¬ 
sciousness. With the second he calls upon a small insect that Iipcs 
in the water uiul is believed to have fmvrer over the Quids of the body j 
the purpose is to check the hemorrhage. The third mentions a lively 
insect, and with this song Wilson expects the patient to I'egaiu the 
power of motion. The fourth luentioL^ a certain kind of busizard 
that has white bars on its win^ and dies so high that it cannot he 
seen by man. Wilson said) “Each of these insects does his best, but 
it is tiie busizard whose great power gives the Qniil impetus and cures 
the sick man.** 

A unii^uc explanation of the causa and cure of sickness was given 
by Pa'gits, a doctor of the Northern TTte tribe, living on the high 
plateau at the bus© of the Uinta Mountains. He claimed to receive 
his power from “a little green man who lives in Liie mountains ami 
shoots arrows into those who speak unkindly of him,” Pa'gits said, 
“He tells me when he has shot an arrow. Tlien the man sends for me 
and pays mo to get it out.” In return for this cooperation he some¬ 
times left ft hnndkerchief or other small gift at the abode of the little 
green man in the mountains. Pa'gits said tJiat he usually had to sing 
five or six times before he could extract tlie cause of the patn, which 
was sometimes an inch or two in length, red in color, and in texture 
like a fingernail. He recorded nine of his songs, which are very slow 
in tempo and have no words. Ha never took a cose if lie had any 
doubt of his ability to cure it, 

A Sioux Indian on the prairie of North Dakota defined the limits 
of Indian therapy by saying that an Indian doctor “would not try to 
dream of all herbs and treat all diseases, for then he could not expect 
to succeed in all or to fulfill properly the dream of any one herb or 
animal. That is why our medicine-men lost their power when so 
many diseases came among us with the advent of the white men.” 
Sioiix songs were recorded in 1911-14. 

Bravo Buffalo was one of the most powerful doctors on the Stand¬ 
ing Rock Reservation in Dakota. He related ft dream in which a 
peck of wolves formed a circle around him } as they stood looking at 
iiim he noticed that their nostrila and paws were painted rad, and then 
he lost consciousness. Wlien he rcgaineil his senses, the wolves took 
him to a den on top of a high hill. The details of his dream are not 
of present interest, but the wolves gave him a song that he used in 
treating the sick. The w'orrls reflect tlio high regnrd which Indian 
doctors, who usually treat the sick at night, have for the owl; 

Owls hootlnj; In the pasaiog of tlae Dixbl, 

Owls IiootliiK. 
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Another prominont doctor on this reservation was Eagle Shield, 
who lifid treated fractures for more Uiati 40 years; he alS4j treated 
wounds and general illnesses, and he ascribed liia power to the bear 
and badger* He recorded 11 of his hoaling songs and brought speci¬ 
mens of the herbs used with them. Eagle Shield waa also a warrior 
and had the right to wear the crowskin **necfclaoe-^ which is the insig¬ 
nia of the Kangi^ynhUi or Crow-owners society, an important military 
society of the Plains tribes* 

A primitive form of aocialiv^d medicine was found among tlie Ma- 
kah and Clayoquot, two seafaring tribes bring in northwest Washing¬ 
ton and on the west coast of Vancouver Island. These tribes had an 
organization called the Sai'yfik society to w^hich “everyone had to be¬ 
long in order to have any standing in the tribe.” One of its functions 
was to supply musical tlierapy to its members. A group of men and 
women w'ould go to the house of the sick person, where they danced 
and sang* Tlie songs were in pairs, the first accompanied by very 
rapid pounding on planks (a native form of percussion instrument) 
and the second by a measured beat on small drums, in the same tempo 
os the song. “Sometimes a pretty song would soothe the sick person 
and he would go to deep/^ Tim power of the Sa^yuk included the 
healing of physical ills, and it was said that they curod n crippio wdio 
had been unable to walk for at least 10 years. They camo and sang 
for him, and he lived in excellent health to an advanced age. He was 
ft whaler, a vocation which requires strength and endurance. His 
daughter, Sarah Guy, said, “His reliance w^os on the songs and meet' 
ings of the Sni'yuk, but lie sometimes took herb tea.” 

Songs of the IndiEins of British Columbia were recorded near Chil¬ 
liwack, Britisli Columbia, wliere about a thousand Indians were em¬ 
ployed In a hop-picking camp* They came from w^idely aoparated 
localities, including Vancouver Island and the rtservationa on the 
west coast, Fort Simpson and the regions of the Nass, Skoonu, and 
Bobine Rivers in the north, and tlie countiy adjacent to the Fraser 
and Thompson Rivers. Many songs were recorded, and among them 
were 2G songs used in tlie treatn^ent of tlio aiiJL These were recorded 
by eight singers froni various parts of British Columbia and Van¬ 
couver Island. John Butcher and TiiSHlt recorded songs that they 
were using in their treatment of the sick, and other songs vrerc re¬ 
corded chiefly by sons and grandsoiis of old men who- treated the sick. 
The younger men had learned the songs when singing wi th them. One 
of these songs contains the words, *T^lic w hale is going to help me cure 
this sick man.” 

John Butcher, whose native name may be translated Dawn, lives 
at Lytton, on the Thompson Siver, and treats illnesses of a general 
character* Tlie four songs he recorded are those he uses in a confine- 


464 ANNUAL REPORT SMtTHBONlAN IHSTmmON, 1052 

ment case. In one song he talks to a sturgeon and a bird, and m the 
others to the seal, grizajj bear, deer^ and eagle. 

Tasalt has inherited his name from a remote post- and does not 
know its meaning. He li’ves on the Fraser River and is cxjnunonly 
known as Catholic Tommy, When the ^m£er% work was exp1aincd| 
he said that he would record his four songs for the treatment of small¬ 
pox, fever, palsy, hemorrhage from the lungs and pneumonia^ Tliese 
were preceded by a long introductory song, Tlve songs were ascribed 
to mytidea! spirits; ono was said to live in Uie water and to resemble 
a dog. It had a golden bi'east and golden eyes. Another wea received 
from a “wild fipirit” that he could not describe. He said these siurits 
went a way when tlie White men came. Each song has its own charac¬ 
teristics and the rhythms are varied. *^rhe tempo is slowest, in tlie song 
for pneumonia and most rapid in the song for palsy. 

The members of tha Cliippewa Midewiwin continue the treatment 
which they were using for the sick when Hoffman beard their songs 
in 1889^ The writer talked with one of these men in August 1945. 
He was Joe Pete of Lac Viaus Desert, Mich. Two of his recent 
cureSj with singing, wore related- (CL pp. 442-444,) 

These axomplee will suffice to sliow the close relation between music 
and medicine among the Indians and the deep faith of th^e primitive 
peoples in the healing power of musicw The White man hits developed 
his own metliods of musical therapy, but in isolated places tlie Indian 
doctor still sings the songs that come to him in dreams, while his pa¬ 
tients listen and recover. 




Reprin ts of the various articles la this Report may be obtained, as l^na as 
die supply ImU, oa reimpt addressed to the Division of PubUcstioai, 
^miiiisoniaii Jnslilution, Washington 25, D, C 
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